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To those who bother to read this work, I would like to tell you a little about its 
preparation. It took a year of my life to write. It may not be perfect and may not be 
complete, but it means something to me. To paraphrase a well-known writer, in 
going where I had to go and seeing what I had to see and learning what I had to 
learn, I found something. What I found was myself. So, to all of those who visited 
me in the field, to those who read my drafts, those who helped me find what I went 
looking for, to Don Armstrong for sharing with me Pavarotti and conversation on 
Slate Ridge, to Don Noble for the peculiar hell he put me through, to my father who 
told me I could stand on my head for eight days, who made me realize that such a 




A sequence of eight middle to late Miocene ash-flow sheets overlie late 
Precambrian and Cambrian sedimentary rocks and Mesozoic granite in the Gold 
Mountain-Slate Ridge area. Four of the older ash-flow sheets are newly recognized. 
The area has undergone extension since at least 17 Ma based upon fault offsets, 
block tilting, the presence of angular unconformities, and units of conglomerate and 
fanglomerate within the Neogene section. North-south striking normal faults were 
active about 15-14 Ma; north to northwest-directed extension, coeval with normal 
faulting in the Bullfrog Hills and movement on the right-lateral Furnace Creek fault 
zone, occurred mainly between about 11.5 and 7.5 Ma; and uplift of mountain ranges 
after 7.5 Ma produced the present topography. Extension in the Gold Mountain- 
Slate Ridge area is comparable in timing, direction, and style, but not magnitude, to 
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As part of on-going research of the magmatic and hydrothermal evolution of 
the southwestern Nevada volcanic field, D. C. Noble and S. I. Weiss extended their 
work to include examination of the surrounding regions. They recognized that the 
Gold Mountain-Slate Ridge area, located within the Great Basin, in southern 
Esmeralda County, Nevada (Fig. 1), was important because: 1) The area contained 
ash-flow sheets and intercalated coarse sedimentary deposits not recognized to the 
east and southeast, 2) these volcanic and sedimentary deposits provide an excellent 
opportunity to answer questions pertaining to the timing and style of deformation in 
this part of the Great Basin, and 3) the area might provide data showing possible 
relations between crustal extension and silicic volcanism.
With these problems in mind, I carried out detailed geologic mapping at a 
scale of 1:24,000, using low-altitude airphotos, in parts of the Gold Point and Scottys 
Junction SW quadrangles during the summers of 1990 and 1991.
Location
The Gold Mountain-Slate Ridge area is located within the Walker Lane belt, 
adjacent to the southwestern Nevada volcanic field. Although the map area is 
somewhat remote, road access is good. Goldfield and Beatty are the nearest towns 
with services available.
Previous work
The Walker Lane belt: The Walker Lane belt is a broad zone of right-lateral 
shearing, 100 kilometers or more wide, running about 800 kilometers from north­
eastern California to southern Nevada (Fig. 2). Deformation in this zone began in 
middle Mesozoic time and continues to the present (Stewart, 1988).
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Figure 1. Map showing a portion of the southwestern Great Basin. The Gold 
Mountain-Slate Ridge area is located west of US Highway 95. The southwestern 
Nevada volcanic field is located east of the highway. TTe area of Plate 1 is shown by 
the box. FC-FZ, Furnace Creek fault zone; SM, Stonewall Mountain volcanic center; 
BM, Black Mountain volcanic center; TM-I, Timber Mountain I caldera formed on 
eruption of the Rainier Mesa Member of the Timber Mountain Tuff; TM-II, Timber 
Mountain II caldera formed on eruption of the Ammonia Tanks Member of the 
Timber Mountain Tuff. The black line approximates the eastern limit of 11-7 Ma 
normal faulting. Figure modified from Noble et al. (1991a).
3
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Figure 2. Map showing the Walker Lane belt, divided into nine regional structural 
blocks by Stewart (1988). PL, Pyramid Lake section; C, Carson section; WL, Walker 
Lake section; EC, Excelsior-Coaldale section; IN-MO, Inyo-Mono section; GF, 
Goldfield section; SR, Spotted Range-Mine Mountain section; SM, Spring 
Mountain; LM, Lake Mead section. Six areas in the Walker Lane belt exhibit 
synchronous Neogene extension, as discussed in the text: CWL, Central Walker 
Lane; MR-WH, Mineral Ridge-Weepah Hills; GMSR, Gold Mountain-Slate Ridge; 
BH, Bullfrog Hills; DV, Death Valley; LMEA, Lake Mead extended area.
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Billingsley and Locke (1939, 1941) first used the term Walker Line to refer to 
a physiographic lineament separating the north-northeast-trending basins and ranges 
of the central Great Basin from an area to the west characterized by irregular topo­
graphy. The term was modified to Walker Lane by Locke et al. (1940) to represent a 
narrow transitional zone. The term was then broadened to Walker Lane belt (Carr, 
1984a, b; Stewart, 1988) to include all areas characterized by irregular topography 
between the Sierra Nevada block and the remainder of the Great Basin.
The Walker Lane belt has been divided by Stewart (1988) into nine sections 
that seem to have acted independently of their neighbors (Fig. 2). Few through- 
going structures are shared by adjacent sections. The Gold Mountain-Slate Ridge 
area is located within the Goldfield section of the Walker Lane belt, which is char­
acterized by rotational normal faulting and no strike-slip faulting. The usage of 
Stewart (1988) is the most encompassing in area and allows for the many styles and 
ages of deformation represented within the Walker Lane belt. The usage is also con­
venient for the sake of description, and is referred to throughout this paper. How­
ever, it must be remembered that the boundaries drawn by Stewart are in many cases 
arbitrary.
Several locations within the Walker Lane belt have bearing on structural 
studies in the Gold Mountain-Slate Ridge area. The Death Valley extended area 
and the Bullfrog Hills detachment system (Fig. 2) are immediately adjacent to the 
map area and share with it certain characteristics. The Lake Mead extended area 
and the Mineral Ridge-Weepah Hills detachment system (Fig. 2) are examples of 
highly extended areas in the Walker Lane belt that also share basic mechanisms of 
extension with the Gold Mountain-Slate Ridge area. These terranes can be com­
pared to the study area to better understand the mechanics involved in this kind of
crustal extension.
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The southwestern Nevada volcanic field: The southwestern Nevada volcanic 
field (Fig. 1) is one of the most studied volcanic fields in the world. It is dominated by 
predominantly rhyolitic magmatism and includes at least seven collapse calderas and 
many other eruptive centers. More than two dozen large volume ash-flow sheets, 
and numerous smaller volume pyroclastic deposits and lava flows were erupted 
between about 15 Ma to less than 1 Ma (Table 1). The Gold Mountain-Slate Ridge 
area is located northwest of the southwestern Nevada volcanic field, and many of the 
rock units present in the map area are derived from the volcanic field.
Much of the geologic research done in the southwestern Nevada volcanic field 
during the 1960s and 1970s centered around the Nellis Air Force Range and the 
Nevada Test Site. More recent work has focused on the establishment of a high level 
nuclear waste repository at Yucca Mountain. The early work contributed greatly to 
the growing understanding of volcanic geology and volcanic stratigraphy. Ekren et al. 
(1971) describe the geology of the Northern Nellis Bombing and Gunnery Range 
(now the Nellis Air Force Range), located east of the Gold Mountain-Slate Ridge 
area. This paper contains some of the pioneering work on low-angle detachment- 
style faulting (cf Anderson, 1971) describing the Mellan Hills area. Geological Soci­
ety o f America Memoir 110 (Eckel, 1968) is a compilation of geologic and hydrologic 
data from the Nevada Test Site, in which the location and history of the collapse 
calderas in the southwestern Nevada volcanic field are discussed. Byers et al. (1976, 
1989), Carr (1964), and Christiansen et al. (1977) discuss the development of Timber 
Mountain caldera and caldera complex, central to the southwestern Nevada volcanic 
field. Noble et al. (1991a) present new data that clarifies the location of the caldera 
margin for the Timber Mountain caldera, and discuss the magmatic and hydrother­
mal evolution of the Timber Mountain caldera complex. In a geochemical review of 
volcanic rocks from the northern part of the volcanic field, Noble et al. (1984) modify
TABLE 1. MAJOR ASH-FLOW SHEETS AND OTHER UNITS OF 




Civet Cat Canyon Member (7.54 ± 0.03 Ma1)
Spearhead Member (7.5 Ma2, 7.61 ± 0.03 Ma1)
Thirsty Canyon Tuff
Gold Flat Member 
Trail Ridge Member 
Pahute Mesa Member 
Rocket Wash Member (9.4 Ma2)
Timber Mountain magmatic stage
Tuffs and Lavas of the Bullfrog Hills
Timber Mountain Tuff
Tuffs of Fleur de Lis Ranch 
Ammonia Tanks Member (11.45 Ma2)
Rainier Mesa Member (11.6 Ma2)
Main magmatic stage
Paintbrush Tuff
Tiva Canyon Member (12.7 Ma2)
Yucca Mountain Member
Pah Canyon Member
Topopah Spring Member (12.8 Ma2)
Crater Flat Tuff
Prow Pass Member 
Bullfrog Member (13.1 Ma2)
Tram Member
Belted Range Tuff
Grouse Canyon Member (13.6 Ma2)
Tuff of Tolicha Peak (13.9 ± 0.4 Ma3)
Belted Range Tuff
Tub Spring Member
Lithic Ridge Tuff (13.85 Ma2)
Older Tuffs
Redrock Valley Tuff (15.1 Ma2 4)
Modified from Noble et al. (1991a). xAge determinations from Hausback et al. 
(1990). 2Age detrminations from Sawyer et al. (1990). 3Age determination from this 
study. 4Age determination from Noble et al. (1991a).
m
the late Miocene stratigraphy, defining the Stonewall Flat Tuff, an important rock 
unit in the Gold Mountain-Slate Ridge area.
Prior to work by our group, the geology of the Gold Mountain-Slate Ridge 
area was known largely through maps and reports of Esmeralda (Albers and Stewart, 
1972) and southern Nye Counties (Cornwall, 1972). McKee et al. (1989, 1990) and 
Noble et al. (1990, 1991a) present some preliminary findings in the area, of which 
this study is an out-growth. More information based on detailed mapping has been 
given in by Worthington et al. (1991) and Noble et al. (1991b).
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DESCRIPTION OF ROCK UNITS
Pre-Tertiary rock units
The pre-Mesozoic units in the Gold Mountain-Slate Ridge area consist of 
Precambrian and Cambrian sedimentary rocks (Albers and Stewart, 1972). The 
Wyman Formation, the oldest recognized stratigraphic unit in Esmeralda County, is 
"composed of phyllite siltstones, silty claystones, and minor amounts of limestone" 
(Albers and Stewart, 1972, p. 7), and grades conformably into the Reed Dolomite, a 
"white to medium-gray, medium to coarsely crystalline dolomite" (Albers and 
Stewart, 1972, p. 7). Above the Reed Dolomite, but still Precambrian in age, is the 
Deep Spring Formation, "a heterogeneous unit containing siltstone, sandstone, limy 
or dolomitic sandstone, or quartzite" (Albers and Stewart, 1972, p. 9). The Campito 
Formation, "composed of dark-greenish-gray to olive-gray, very fine-grained 
quartzite and minor coarse siltstone" (Albers and Stewart, 1972, p. 10), is the lowest 
Cambrian unit in the Gold Mountain-Slate Ridge area. Its contact with the underly­
ing Deep Spring Formation is "marked by the change from dolomite or carbonate 
below to siltstone and quartzite above (Albers and Stewart, 1972, p. 10)." Above the 
Campito Formation is the Cambrian Poleta Formation with its variety of lithologies 
and abundant fossils, which is, in turn, overlain by the Cambrian Harkless Formation 
consisting of siltstone and quartzitic siltstone. Both units are exposed in the northern 
and eastern part of the Gold Mountain-Slate Ridge area (Albers and Stewart, 1972).
The only Mesozoic rocks exposed in the map area are granite and grano- 
diorite that crop out on Gold Mountain and the central parts of Slate Ridge. These 
rocks are part of the much larger Jurassic Sylvania pluton (Albers and Stewart, 1972) 
exposed mainly to the west in the Sylvania Mountains. Nearly vertically dipping, 




The volcanic rocks of the Gold Mountain-Slate Ridge area span about 10 
million years in age (Table 2) and range in composition from basalt to high-silica 
rhyolite. Herein are named several new, informal rock units: The Tuff of Mount 
Dunfee, the Tuff of Oriental Wash, the Tuff of Gold Coin Mine, the Pumice and 
Lithic Tuff, the Tuff of Sphinx Canyon, and the Basalt of Hanging Mesa. Previously 
known and described rock units exposed in the map area are the Tuff of Tolicha 
Peak, the Rainier Mesa and Ammonia Tanks Members of the Timber Mountain Tuff 
and the Spearhead Member of the Stonewall Flat Tuff. Table 3 presents new radio- 
metric age data, and Table 4 gives the phenocryst mineralogy for the newly described 
rock units.
Andesitic Lavas: The oldest Tertiary volcanic rocks known in the Gold Moun­
tain-Slate Ridge area are lavas and breccias of andesitic composition. Found west of 
the Nye County line (37°2T20" N, 117°11T5" W) and to the east across U.S. Highway 
95, these lavas contain phenocrysts of hornblende, plagioclase, and biotite. Older 
ash-flow sheets under these lavas and breccias are exposed east of U.S. Highway 95.
Unnamed Basalt: Poorly exposed lava flows of olivine basalt locally overlie 
the pre-Tertiary rocks within the map area. In eastern Slate Ridge (37°21T5" N, 
117°11’21" W) the unit is clearly under the oldest recognized ash-flow sheet in the 
map area. Elsewhere, the stratigraphic position of this basaltic unit is less certain. In 
lower Sphinx Canyon (37°19’ N, 117°15’ W), the unit consists of scoria and volcanic 
bombs suggesting eruption at the surface. Petrographic examination reveals pheno­
crysts of olivine (about F085, optically determined by flat stage petrographic 
method), augite, plagioclase, and magnetite.
Tuff o f Mount Dunfee: The oldest ash-flow sheet of the Gold Mountain-Slate 
Ridge area is herein named the Tuff of Mount Dunfee. The unit crops out in four
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parts of the map area: 1) At Mount Dunfee east of the town of Gold Point, Nevada,
2) in Sphinx Canyon, 3) near Anderson and Tokop Wells, and 4) on eastern Slate 
Ridge, southwest of Stonewall Pass.
TABLE 2. STRATIGRAPHIC SECTION OF THE GOLD 
MOUNTAIN-SLATE RIDGE AREA
Stonewall Flat Tuff
Spearhead Member (Tss)(7.61 ± 0.03 Ma1, 7.5 Ma2)
Basalt of Hanging Mesa (Tbhm)
(Unconformity)
Timber Mountain Tuff
Ammonia Tanks Member (Ttma)(11.45 Ma2)
(minor unconformity)
Rainier Mesa Member (Ttmr)(11.6 Ma2)
Tuff of Sphinx Canyon (Tsc)
Tuff of Tolicha Peak (Ttp)(13.9 ± 0.4 Ma)
(Unconformity)
Pumice and Lithic Tuff (Tpl)
Tuff of Gold Coin Mine (Tgcm)(15.3 ± 0.5 Ma)
Tuff of Oriental Wash (Tow)(14.2 ± 0.6 Ma)
Tuff of Mount Dunfee (Tmd)(16.7 ± 0.4 Ma, 16.8 ± 0.5 Ma)
Olivine Basalt (Tob)
Hornblende ± biotite Andesite
Sylvania pluton (Jurassic, Albers and Stewart, 1972)
Precambrian and Cambrian Sedimentary Rocks Includes Wyman, Reed, Deep 
Spring, Campito, Poleta, and Harkless Formations.
(Major Unconformity)
*Age determinations from Hausback et al.
2Age determination from Sawyer et al. (19 ,
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TABLE 3. NEW RADIOMETRIC AGE DETERMINATIONS FOR ROCKS 
FROM THE GOLD MOUNTAIN-SLATE RIDGE AREA
Sample Material K.'yO(v/t%) 40Ar*('mol/g') 40Ar*f%l Agef ± lor)
1) Ttp Whole Rock 4.84 9.7235 x 1041 71.2 13.9 ±0.4 Ma
2) GMSR1-2 Biotite 8.54 1.8883 x 1040 50.7 15.3 ±0.5
3) MD-U2 Hornblende 0.634 1.30402 xlO41 16.0 14.2 ±0.6
4) MD-L Biotite 7.45 1.7955 x 1040 41.7 16.7 ±0.4
5) GMSR-Tmd Biotite 8.25 1.99755 x 1040 57.4 16.8 ±0.5
Sample descriptions:
1) Densely welded devitrified phenocryst-poor, high-silica rhyolitic ash-flow tuff; 
Tuff of Tolicha Peak from Lat 37°15’221' N, Long 117°15T0" W.
2) Densely welded rhyolitic ash-flow tuff; Tuff of Gold Coin Mine from Lat 
37°14’40" N, Long 117°20’30" W.
3) Partly welded glassy rhyolitic ash-flow tuff; Tuff of Oriental Wash from Lat 
37°19’42" N, Long 117°19’5 r  W.
4) Vitrophyre of low-silica rhyolitic ash-flow tuff; Tuff of Mount Dunfee from 
Lat 37°19’42" N, Long 117°19’51" W.
5) Vitrophyre of low-silica rhyolitic ash-flow tuff; Tuff of Mount Dunfee from 
Lat 37°21T5" N, Long 117°11’21" W.
Constants: = 0.581 x 10'10/yr, \ B = 4.962 x 10'10/ yr, 40K/K(total) = 1.167 x
10'4 kmol/kmol. Precision of K-Ar age determinations is based on replicate analyses 
of Ar tracers, K20 analyses, and calibration analyses. All radiometric ages were 
determined by E. H. McKee, U.S. Geological Survey, Menlo Park, CA.
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TABLE 4. PHENOCRYST MINERALOGY OF PRE-TIMBER 
MOUNTAIN ASH-FLOW SHEETS
Amt1 Qtz2 Plag San Bio Hbl Cpx Sph
Tsc...... ....25% 0% 35% 50% 13% 2% Tr 0%
Ttp...... ....<1 0 Tr Tr 0 Tr 0 0
Tgcm... ....15 15 35 30 18 2 0 Tr
Tow..... ....10 10 30 35 20 4 0 1
Tmd.... ....25 9 40 25 25 Tr 1 0
iPercentages visually estimated from thin section of densely welded samples. 
2Phenocryst percentages are of total phenocrysts, except for Ttp. Tr = Trace
At Mount Dunfee (37°19’42" N, 117°19’5 r  W), herein designated the type 
locality, the unit dips to both the south and the east and depositionally overlies pre- 
Tertiary sedimentary rocks. The lower part of the Tuff of Mount Dunfee consists of 
more than 30 meters of white to gray, poorly to non-welded tuff overlain by a black 
basal vitrophyre as thick as 3 meters. Above the vitrophyre is a zone of cliff-forming 
dark red densely welded devitrified tuff, about 20 meters thick. Auto-oxidation has 
destroyed biotite and other mafic phenocrysts. Eutaxitic structure is well developed 
in the devitrified ash-flow tuff. Vapor-phase crystallized portions of the unit are 
either poorly developed or eroded away at this locality. The upper portion of the 
unit consists of maroon, glassy non-welded tuff and is not well preserved at Mount 
Dunfee. In Sphinx Canyon the upper portion consists of as much as 10 meters of 
white to maroon, poorly to non-welded, glassy tuff. This upper glassy zone, much like 
the lower glassy zone at Mount Dunfee, consists of glassy non-welded tuff, lithic 
fragments of vesiculated lava as large as 15 centimeters in diameter, large pumice
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fragments (15-25 cm) of two generally distinct colors (maroon-red to orange and 
white-gray to gray-green), and equant black obsidian clasts (as much as 4 cm 
diameter). The obsidian clasts, interpreted as lithic fragments are distinctive and 
unique to this unit. At Mount Dunfee, obsidian clasts are found in the upper glassy 
zone and rarely in the lower glassy tuff, and are covered with a bluish hydration rind. 
The underlying and overlying non-welded tuffs are included into the Tuff of Mount 
Dunfee based on similar phenocryst mineralogy and the presence of obsidian clasts 
in both non-welded portions. No obsidian clasts have been found in the densely 
welded rock.
Plagioclase, sanidine, large biotite, and quartz are the most common pheno­
cryst minerals in the Tuff of Mount Dunfee. Phenocrysts of both clinopyroxene and 
orthopyroxene are abundant; hornblende is uncommon or absent. However, 
oxidation of devitrified tuff masks the proportions of mafic phenocrysts. Phenocrysts 
of sphene are absent.
Two biotite separates from vitrophyres of the Tuff of Mount Dunfee were 
dated at about 16.8 ± 0.5 Ma and 16.7 ± 0.4 Ma (Table 3).
No source area is known for the Tuff of Mount Dunfee. Because no outcrops 
of the unit are known in the southern part of the Gold Mountain-Slate Ridge area its 
source area is inferred to be to the north or northeast.
Tuff o f Oriental Wash: The Tuff of Oriental Wash crops out in many places in 
the Gold Mountain-Slate Ridge area, within both the Gold Point and Scottys Junc­
tion SW quadrangles, and rests unconformably upon either pre-Tertiary rocks, local 
gravels or the underlying Tuff of Mount Dunfee. The name comes from exposures of 
the unit in Oriental Wash and upper Oriental Wash; its herein designated type local­
ity is at Mount Dunfee (37°19’42" N, 117019’51" W), several hundred meters east of 
the type locality for the Tuff of Mount Dunfee.
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The base of the unit is composed of white to buff to gray, poorly welded glassy 
tuff; no dense vitrophyre is found. At Mount Dunfee, the lower part of the unit con­
sists of contorted, folded beds (much like soft-sediment deformed beds) suggesting 
downslope movement prior to final welding and cooling (Fig. 3). Similar features, 
although less distinct, are found in upper Sphinx Canyon. The basal glassy tuff is 
overlain by buff to pink, moderately welded, devitrified tuff that grades upward into 
chalky white to pink vapor-phase crystallized tuff. No upper glassy tuff is present. 
The unit is rarely densely welded. Thickness of the unit varies greatly and can be as 
much as 100 meters, as exposed at the base of Faulted Hill (37°19’ N, 117°12’ W).
Figure 3. Photograph showing 
basal glassy tuff of the Tuff of 
Oriental Wash (Tow) folded as 
a result of to downslope 
movement prior to final 
welding. Photo taken looking 
south, in side canyon between 
outcrops of the Tuff of Mount 
Dunfee (Tmd) and Tuff of 
Oriental Wash (Tow). Photo 
by J. E. Worthington IV.
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At the Flatirons (37°14’ N, 117°16’ W; Fig. 1), the Tuff of Oriental Wash dis­
plays an internal stratigraphy that is more complicated than elsewhere in the map 
area. Here, the base of the unit, above the slaty Precambrian and Cambrian sedi­
mentary rocks, is white to pink, slightly altered, sphene-bearing ash-flow tuff. Over- 
lying the lower tuff is a locally continuous layer of red, oxidized tuffaceous rock, 2 to 
5 meters thick (Fig. 4) containing pumice fragments, phenociysts of hornblende and 
biotite, and lithic fragments of welded tuff, metamorphosed sedimentary rocks and 
granitic rocks of the Sylvania pluton from the nearby exposures at Gold Mountain. 
(Similar red tuffaceous rocks within this unit have been seen in only one other local­
ity, in upper Sphinx Canyon.) Above this red layer is white to light-maroon, moder-
Figure 4. Photograph showing the Flatirons several kilometers south of the map area 
where tilted middle Miocene ash-flow tuffs overlie pre-Tertiary rocks at Gold 
Mountain. The cliff-forming unit is the Tuff of Gold Coin Mine (Tgcm). The Tuff of 
Oriental Wash (Tow) is the white unit below the break in the slope; contained within 
it is a red oxidized layer seen across the foreground. See text for details. Photo by D. 
C. Noble.
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ately welded tuff containing abundant sphene easily seen in hand specimen. This 
upper tuff closely resembles the Tuff of Oriental Wash as seen elsewhere. Whether 
the lower, less sphene-rich tuff is part of the same cooling unit as the upper tuff is 
uncertain. Nevertheless, these tuffs are mineralogically similar. For this reason, until 
further work is done to resolve this discrepancy, the lower white tuff, the red layer 
itself, and the upper white to light-maroon tuff are considered all part of the Tuff of 
Oriental Wash map unit. The red layer, though, has important implications regard­
ing the structural history of the area if it is a clastic or volcaniclastic unit.
Pinkish to gray pumice fragments are common, yet generally small (<2 cm), 
within the Tuff of Oriental Wash; lithic fragments are uncommon. Groundmass 
shards are readily seen in thin sections of glassy rocks. Many pumice fragments con­
tain phenocrysts, especially biotite.
The unit contains phenocrysts of sanidine, plagioclase, biotite, and lesser 
amounts of quartz, and hornblende. Large grains (about 5 mm) of orange, euhedral 
sphene are very common and provide an excellent method of identification and cor­
relation of the unit. Allanite and zircon are common accessory phases. Phenocrysts 
make up about 15 volume percent of the rock.
A hornblende separate taken from a sample from the type locality, using con­
ventional K-Ar methods, yielded a radiometric age of 14.2 ± 0.6 Ma (Table 3). 
Because of low percentages of extracted K2O and ^Ar*, the age determination for 
the Tuff of Oriental Wash is considered to be too young.
Tuff o f Gold Coin Mine: The Tuff of Gold Coin Mine is separated by a com­
plete cooling break, and locally by gravel from the underlying Tuff of Oriental Wash. 
The unit crops out in many places throughout the Gold Mountain-Slate Ridge area, 
and is well exposed along the Tokop Road at Faulted Hill, at the Flatirons, on 
southwestern Gold Mountain, and on eastern Slate Ridge. The unit is herein named
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for exposures near the Gold Coin Mine (37°20’50M N, 117°13’40" W) on the Scottys 
Junction SW quadrangle. Its type area is the hills about a kilometer east of the Gold 
Coin Mine, where the unit is very thick.
White, pumice-rich, surge beds, several tens of centimeters thick, characterize 
the base of the unit. Overlying the surge beds is poorly welded, glassy ash-flow tuff 
less than a meter thick. A basal vitrophyre is present only on southwestern Gold 
Mountain; in most places the unit grades upward from non-welded glassy tuff into 
buff to maroon to gray, massive, densely welded, devitrified ash-flow tuff. Devitrifi­
cation and vapor-phase crystallization has destroyed mafic phenocrysts, especially 
hornblende. Outcrops of densely welded portions of the Tuff of Gold Coin Mine are 
typically gray, massive and crumbly-weathering, and easily distinguished from the 
white, more eroded outcrops of the Tuff of Oriental Wash. Strongly flattened 
pumice fragments in the densely welded Tuff of Gold Coin Mine are larger than 
those in the Tuff of Oriental Wash.
The unit shows compound cooling characteristics (Smith, 1960) in the south­
ern part of the Gold Mountain-Slate Ridge area. These are most clearly displayed 
on Gold Mountain where two resistant ledges of ash-flow tuff are exposed. Here, 
tuff composing the upper ledge of the unit contains abundant lithic fragments. Else­
where in the map area, the upper portion of the compound cooling unit may be 
equivalent to the Pumice and Lithic Tuff discussed below.
The Tuff of Gold Coin Mine is more than 100 meters thick on eastern Slate 
Ridge and on the south side of Gold Mountain. However, the thickness of the unit 
varies greatly, and in many places, the thickness varies inversely with the thickness of 
the underlying Tuff of Oriental Wash. The Tuff of Gold Coin Mine is thick where 
the Tuff of Oriental Wash is thin, and vice versa. This is probably due to variations in 
local topography at the time of deposition of the units.
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The phenocryst assemblage of the Tuff of Gold Coin Mine is similar to that of 
the Tuff of Oriental Wash. Plagioclase, sanidine, biotite, hornblende, and lesser 
amounts of quartz are the major phases present. Sphene is less common than in the 
Tuff of Oriental Wash; accessory allanite and zircon are also present.
A biotite separate, taken from a sample from the Flatirons area yielded a KAr 
age of 15.3 ± 0.5 Ma (Table 3). This age conflicts with the age of 14.2 ± 0.6 Ma 
obtained on the Tuff of Oriental Wash. Although these dates are consistent within 
given analytical uncertainties, the age determination of the Tuff of Oriental Wash, 
because of the low percentages of extracted K2O and 40Ar, is provisionally 
considered to be too young. The age obtained from the Tuff of Gold Coin Mine 
probably more accurately represents the age of these units.
Pumice and Lithic Tuff: As the name implies, this unit is characterized by 
relatively large and abundant pumice and lithic fragments. The unit is best exposed 
along the Tokop Road, herein designated as the type locality (37°17’45" N, 117°13’40" 
W), and in upper Sphinx Canyon. The unit is everywhere glassy and non-welded, and 
consists of white, buff, or pinkish ash-flow tuff.
Pumice fragments within the unit are of (at least) three types: White, pink to 
red to orangish, and green to grayish green fragments. The pumice fragments can be 
as large as half a meter in diameter, and account for approximately 20% of the vol­
ume of the rock. Lithic fragments are composed of black to red, rounded, dacitic to 
rhyolitic, tuff and lava, and account for approximately 10% of the volume of the rock. 
Size of the lithic clasts generally increases to the south within the map area; at the 
Flatirons (Fig. 1), clasts are as large as half a meter in diameter. In many places, 
lithic fragments are concentrated within particular horizons (Fig. 5) on which strike 
and dip measurements can be taken.
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Thickness of the Pumice and Lithic Tuff also varies greatly; at the type locality 
it is approximately 50 meters thick; in Sphinx Canyon, where it underlies a thick 
alluvial fanglomerate, the unit is at least 30 meters thick. The unit weathers in a 
characteristic honeycomb pattern, or beehive shape, which is useful for field 
identification.
The Pumice and Lithic Tuff contains phenocrysts of plagioclase, sanidine, 
biotite, hornblende, and sphene, similar to the phenocryst assemblage of the Tuff of 
Gold Coin Mine.
Because rock units in the Gold Mountain-Slate Ridge area are in many places 
discontinuous and the stratigraphic section is disrupted by erosion and/or non-depo­
sition, the Pumice and Lithic Tuff can be mistaken at a distance for the upper or 
lower non-welded glassy portions of the Tuff of Mount Dunfee, which has similar
Figure 5. Photograph showing a lithic-rich horizon within the Pumice and Lithic 
Tuff. Strike and dip can be measured from the outcrop. Located south of the Tokop 
Road at the type section of the unit. Photo by D. C. Noble.
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weathering characteristics. However, these non-welded tuffs can be differentiated on 
the outcrop by phenocryst mineralogy, and by proportions and colors of pumice 
and lithic fragments; most importantly, the non-welded tuffs of the Tuff of Mount 
Dunfee contain no phenocrysts of sphene and the Pumice and Lithic Tuff contains 
no black obsidian clasts.
The Pumice and Lithic Tuff is provisionally interpreted as the upper portion 
of the Tuff of Gold Coin Mine. The upper resistant ledge of the Tuff of Gold Coin 
Mine, as exposed on the southwestern flank of Gold Mountain, is characterized by 
pumice and lithic-rich tuff. In the map area, the Tuff of Gold Coin Mine does not 
show compound cooling characteristics and is a single cooling unit. However, the 
Pumice and Lithic Tuff, as exposed in the map area, overlies the Tuff of Gold Coin 
Mine, and is separated from it by a thin layer of cobbles, and constitutes a mappable 
rock unit. How much time had elapsed between the Tuff of Gold Coin Mine and the 
Pumice and Lithic Tuff is unknown. Because the Pumice and Lithic Tuff is 
everywhere glassy in the map area, it is not possible to determine if it constitutes a 
separate cooling unit.
A source area for the Pumice and Lithic Tuff, the Tuff of Gold Coin Mine, 
and the mineralogically similar Tuff of Oriental Wash is inferred somewhere to the 
south of the Gold Mountain-Slate Ridge area based upon the southward increasing 
size of the lithic fragments in the Pumice and Lithic Tuff, and based upon the fact 
that the Tuff of Gold Coin Mine is a compound cooling unit in the southwestern 
Gold Mountain-Slate Ridge area, therefore, closer to the vent area. These three ash- 
flow sheets are thought to be genetically related.
Tuff o f Tolicha Peak: The Tuff of Tolicha Peak was named for exposures of 
phenocryst-poor tuff at Tolicha Peak, west of U.S. Highway 95, by Ekren et al. (1971) 
who recognized the unit as far east as the Belted Range. In the map area, the Tuff of
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Tolicha Peak stratigraphically overlies the sequence of sphene-bearing ash-flow 
sheets, and crops out mostly in the eastern and southern parts of the Gold Mountain- 
Slate Ridge area. Good exposures are present at Faulted Hill (Plate 1) and other 
nearby areas along the Tokop Road, east of the Gold Coin Mine, at the Flatirons, on 
southern Gold Mountain, and in lower Oriental Wash near the California border.
The base of the unit, well exposed in many places in the map area, consists of 
several centimeters of white, shard and pumice-rich, non-welded surge and airfall tuff 
that grades upward into several tens of centimeters of light brown, more pumice-rich, 
partially welded tuff. The pumice fragments consists of pink to orange, not readily 
compressible pumice, and gray, frothy, readily compressible pumice. The gray 
pumice fragments form black fiamme in densely welded zones within the unit. 
Several meters of dark brown to black, densely welded, basal vitrophyre overlie the 
lower glassy, partially welded tuff. The vitrophyre thickens to greater than 5 meters 
westward across U.S. Highway 95 near Stonewall Pass. Devitrified tuff of the unit is 
densely welded, phenocryst-poor, and characteristically deep chocolate brown. 
Vapor-phase crystallized tuff, still welded, is lighter brown, or in many places, gray to 
yellowish brown. Upon weathering, densely welded parts of the unit break into thin, 
distinctive plates that, in many places, form scree slopes that are helpful in identifying 
outcrops from a distance. Thickness varies greatly due to paleotopographic and 
erosional effects; maximum preserved thickness is over 100 meters on the eastern 
part of Slate Ridge.
The unit, throughout its entirety, contains less than 1% phenocrysts. In thin 
section, rare phenocrysts of plagioclase, sanidine, and hornblende are found. 
Plagioclase is much more abundant than sanidine. Based on a chemical analysis 
given by Ekren et al. (1971), the Tuff of Tolicha Peak is composed of high-silica 
rhyolite.
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A devitrified whole-rock sample of the Tuff of Tolicha Peak yielded a K-Ar 
age of 13.9 ± 0.4 Ma (Table 3); this is the first age determination for the unit. This 
age is in agreement with the age of the Grouse Canyon Member of the Belted Range 
Tuff which has been dated using 40Ar/39Ar techniques at 13.6 Ma (Sawyer et al, 
1990), known from the Nellis Air Force Range and the Nevada Test Site to be 
stratigraphically above the Tuff of Tolicha Peak (Noble and Christiansen, 1968).
A source area for this unit has not yet been located, but Ekren et al. (1971) 
suggest the Mount Helen area as a possibility. At the south end of Mount Helen, 
Ekren et al. found three cooling units of lithologically similar, generally phenocryst- 
poor tuff separated by units of fluvial sandstone. The lower most of these three ash- 
flow sheets can contain moderate amounts of phenocrysts; the middle cooling unit is 
phenocryst-poor throughout and has a thick basal vitrophyre; and the upper cooling 
unit is also phenocryst-poor, but "weakly welded" (Ekren et al., 1971). The 
phenocryst-poor ash-flow sheet exposed in the Gold Mountain-Slate Ridge area 
would appear to be either the middle or uppermost cooling unit at Mount Helen. 
Assuming that the thickness of an ash-flow unit and its degree of welding tend to 
increase toward its source, exposures of the westward-thickening basal vitrophyre 
across the Gold Mountain-Slate Ridge area support the idea of the source being 
somewhere to the east.
Tuff o f Sphinx Canyon: This local ash-flow sheet, similar in megascopic 
appearance to the Tuff of Oriental Wash, is known only in the map area. The unit is 
herein named for exposures in the Sphinx Canyon (37°18’30" N, 117°16’30" W), its 
type locality. The unit consists of white to gray moderately welded tuff that has been 
affected by vapor-phase crystallization throughout virtually its entirety; glassy tuff 
occurs only at the base. Pea-sized magnetite-rich lithic fragments are common;
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pumice fragments are uncommon or difficult to recognize. Maximum preserved 
thickness of the unit is about 15 meters.
The Tuff of Sphinx Canyon contains about 25 percent phenocrysts, mainly 
sanidine and plagioclase. Other phenocrysts in the unit are biotite, hornblende, 
clinopyroxene, and magnetite. No quartz or sphene are present. No vent area has 
been located for this unit.
Rainier Mesa Member of the Timber Mountain Tuff: This areally extensive unit 
was described by Byers et al. (1976), and was previously named for exposures of the 
unit at Rainier Mesa, in the Nevada Test Site. The unit is exposed many places 
within the Gold Mountain-Slate Ridge area, including along the Tokop Road, in 
uppermost Oriental Wash, along the south flanks of Gold Mountain, southwest of 
Gold Mountain, and the northern part of Sarcobatus Flat. Nearer the Timber 
Mountain I caldera (Fig. 1), which marks its source area, the unit is compositionally 
zoned upwards from high-silica rhyolite to quartz latite (Byers et al., 1968); however, 
no compositional zoning is apparent megascopically in exposures of the unit in the 
map area. The Gold Mountain-Slate Ridge area is apparently far enough from the 
vent area (over 50 kilometers) that only the early-erupted high-silica rhyolite ash- 
flow tuff was deposited.
The basal portion of the unit, as exposed in the map area, consists of several 
meters of red non-welded tuff, in many places containing pumice fragments, typically 
highly vesiculated, as large as half a meter in diameter. No basal vitrophyre is 
present in the map area; however, several meters of basal vitrophyre are present at 
exposures at the northern edge of Sarcobatus Flat. Devitrified tuff is reddish purple 
to maroon; vapor-phase crystallized tuff is lighter to gray in color and chalky 
weathering. Maximum exposed thickness in the map area is approximately 40 
meters with the unit thickening southward towards the northern part of the
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Grapevine Mountains. The Rainier Mesa Member contains phenocrysts of sanidine, 
plagioclase, quartz, biotite, and hornblende; mafic phenocrysts are not very abundant 
and sphene is absent. The age of the Rainier Mesa Member, as given by Sawyer et 
al. (1990), is 11.6 Ma.
A black glassy ash-fall layer of mafic to intermediate composition (Fig. 6) 
about 5 centimeters thick is present at the base of the Rainier Mesa Member in 
upper Sphinx Canyon. This or a similar layer is also present in the northern 
Grapevine Mountains (10-12 cm thick) where it is underneath a debris flow, beneath 
the Rainier Mesa Member. The mafic layer contains rounded lithic fragments and 
small glassy pumice fragments, some of which show mixed magma textures (swirled 
black and white pumice). Warren et al. (1989) describe a layer of basaltic andesite 
ash present at the base of the Rainier Mesa Member, which is likely correlative with 
this black layer exposed in the map area.
Figure 6. Photograph showing a black basaltic ash-fall layer, less than 5 centimeters 
thick, below the Rainier Mesa Member of the Timber Mountain Tuff. Outcrop 
located on south side of Sphinx Canyon. Photo by J. E. Worthington III.
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Ammonia Tanks Member of the Timber Mountain Tuff: The Ammonia Tanks 
Member of the Timber Mountain Tuff, also described by Byers et al. (1976), was 
previously named for exposures in the Nevada Test Site. The unit is exposed in many 
places within the Gold Mountain-Slate Ridge area and commonly overlies the 
Rainier Mesa Member. Near the Timber Mountain II caldera (Fig. 1), which marks 
its source area, the unit is compositionally zoned from rhyolite upwards to quartz 
latite (Byers et al., 1989). As with the Rainier Mesa Member, no compositional 
zoning is seen in exposures in the map area. The base of the unit consists of several 
meters of white non-welded ash-flow tuff. No vitrophyre is present in the map area, 
although a basal vitrophyre is present at the base of thicker sections in the northern 
part of Sarcobatus Flat. Densely welded devitrified tuff of the unit is purple to 
maroon; vapor-phase crystallized tuff is lighter to gray, and chalky weathering. 
Maximum exposed thickness of the unit in the map area is approximately 30 meters; 
the unit thickens southward towards the northern Grapevine Mountains. The 
Ammonia Tanks Member is locally separated from the Rainier Mesa Member by an 
alluvial deposit, and in several places the units are angularly discordant; for example, 
along the Tokop Road (37°19’00" N, 117°12’45" W) the units vary in dip by 
approximately 5 to 10° (Fig. 7) suggesting some faulting during the approximately 0.1 
to 0.2 m.y. that separated eruption of these ash-flow sheets. The Ammonia Tanks 
Member contains a phenocryst assemblage similar to that of the Rainier Mesa 
Member, but contains a higher percentage of chatoyant sanidine phenocrysts. The 
presence of small yellow phenocrysts of sphene also distinguishes the Ammonia 
Tanks Member from the Rainier Mesa Member. The age of the Ammonia Tanks 
Member, as reported by Sawyer et al. (1990), is 11.45 Ma.
Basalt of Hanging Mesa: A thick olivine-bearing basaltic lava flow with 
discontinuous columnar joints and several meters of a red oxidized scoriaceous base
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caps Gold Mountain at Hanging Mesa. This informal unit is locally overlain by the 
Spearhead Member of the Stonewall Flat Tuff and overlies thick alluvial gravels that 
in turn overlie the Timber Mountain Tuff. The unit was deposited on an erosional 
surface cut into the Sylvania pluton; later faulting has the unit dipping as much as 15° 
to the southeast. The maximum thickness is about 30 meters. The unit contains 
phenocrysts of olivine (about F070, as optically determined by flat stage petrographic 
methods), augite, plagioclase, and magnetite.
Spearhead Member of the Stonewall Flat Tuff: The Spearhead Rhyolite was 
named by Ransome (1909) for exposures near Goldfield, Nevada. Noble et al. 
(1964) included the unit, as a formal member, into the newly described Thirsty 
Canyon Tuff that vented from the Black Mountain volcanic center (Fig. 1). But, 
problems of areal extent of the members of the Thirsty Canyon Tuff and other
Figure 7. Photograph showing the angular unconformity between members of the 
Timber Mountain Tuff, located along the Tokop Road. The base of the Rainier 
Mesa Member is the dipping reddish stripe in the middle of the hill. The base of the 
Ammonia Tanks Member is the flat-lying white stripe at the top of the hill. The 
angular difference of the bases of the units is about 5° to 10°. Photo by D. C. Noble.
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difficulties demanded further studies. Noble et al. (1984) were able to distinguish, 
based upon trace element concentrations, "two populations corresponding to tuffs 
from the general vicinities of Black Mountain and Stonewall Mountain, respectively 
(Noble et al., 1984, p. 8595)." They concluded that one population corresponded to 
members of the known Thirsty Canyon Tuff and that the second defined a new 
formation, the Stonewall Flat Tuff, consisting of the Spearhead and Civet Cat 
Canyon Members, erupted from the Stonewall Mountain volcanic center. Their 
conclusions were further supported by paleomagnetic and radiometric age data.
The Spearhead Member is the only member of the Stonewall Flat Tuff 
present in the Gold Mountain-Slate Ridge area. No ash-flow sheets from the more 
easterly derived Thirsty Canyon Tuff are present. In most places, the Spearhead 
Member overlies thick alluvial gravels and, on Gold Mountain, overlies the Basalt of 
Hanging Mesa. Few outcrops of the unit are present in the southern part of the Gold 
Mountain-Slate Ridge area. Other outcrops of the unit are present in Poverty Gulch, 
in Sphinx Canyon, in the lower part of Oriental Wash near the California border, and 
northwest of the Gold Mountain-Slate Ridge area (Noble et al., 1990).
Within the map area the base of the Spearhead Member consists of generally 
less than 5 meters of white to gray, pumice-rich, locally lithic-rich, non-welded tuff 
overlain by as much as 20 meters of red, densely welded ash-flow tuff. The unit 
exhibits characteristic blocky weathering and blocks of densely welded tuff as large as 
3 meters are common below the many cliffs in the map area that expose the unit. 
The unit is slightly peralkaline in character (Noble et al., 1984), and within the map 
area contains phenocrysts of sanidine and plagioclase; sparce phenocrysts of quartz 
or biotite are present in outcrops within the map area, although these minerals plus 
clinopyroxene, sodic amphibole, and fayalitic olivine occur in near-vent and within-
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vent subunits nearer Stonewall Mountain (Noble et al., 1984; Weiss and Noble, 
1989).
Radiometric age determinations for the Spearhead Member of 7.61 ± 0.03 
Ma (Hausback et al., 1990) and 7.5 Ma (Sawyer et al., 1990), using 40Ar/39Ar laser 
fusion methods on sanidine, reveal a late Miocene age. The age of the Civet Cat 
Canyon Member is 7.54 ± 0.03 Ma (Hausback et al., 1990).
Tertiary sedimentary units
Alluvial deposits are found between most ash-flow sheets in the map area. 
Within the stratigraphic section there are at least five discrete, mappable, 
sedimentary deposits. The deposits are primarily coarse fanglomerates and 
conglomerates with minor components of fine-grained ash-rich sand and gravel (Fig. 
8). These alluvial deposits are poorly lithified, so outcrop exposure is, in many 
places, limited to slopewash; bedding (Fig. 9) is commonly not seen. When bedding
Figure 8. Photograph showing the fanglomerate below the Spearhead Member, 
taken from Poverty Gulch. Bedding dips about 15° to the south. Photo by J. E. 
Worthington IV.
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is absent, deposits are inferred from the present of rounded clasts in slopewash 
between ash-flow units. Alluvial deposits intercalated within the Neogene volcanic 
section of the Gold Mountain-Slate Ridge area reflect the sources from which they 
were derived, with clast lithologies consisting of volcanic tuffs and lavas, variably 
metamorphosed Precambrian and Cambrian sedimentary rocks and Jurassic granitic 
rocks.
The oldest recognized alluvial deposit is present between the Tuff of Mount 
Dunfee and the overlying Tuff of Oriental Wash, located at their type locality at 
Mount Dunfee. The unit is a coarse conglomerate, with rounded clasts as large as 
half a meter of welded tuff from the Tuff of Mount Dunfee. This alluvial deposit 
does not cropout, and is recognized solely on the basis of the number of large and 
small well-rounded clasts present on a dip-slope between the ash-flow sheets, and is
Figure 9. Photograph showing the fanglomerate below the Tuff of Sphinx Canyon in 
Sphinx Canyon, with well-exposed bedding dipping shallowly to the left. Bedding is 
typically not seen in most alluvial deposits in the map area. Photo by J. E. 
Worthington IV.
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located at the bottom of a paleovalley (discussed below) cut into the Precambrian 
sedimentary rocks that is partially filled by the Tuff of Mount Dunfee and then the 
Tuff of Oriental Wash. The age of the alluvial deposit is bracketed by the ages of the 
surrounding ash-flow sheets; between about 17 and 15 Ma.
As discussed before, a red layer of lithic-rich tuffaceous rock is present within 
the Tuff of Oriental Wash at the Flatirons. Its classification as a pyroclastic rock or a 
sedimentary rock is uncertain. Evidence that would suggest this layer is of 
sedimentary origin is given by the presence of rounded sand grains as well as larger 
lithic clasts, especially clasts of granite. Granitic lithic fragments do not occur in the 
Tuff of Oriental Wash, or for that matter other ash-flow sheets in the map area. 
Granitic clasts are in most places associated with alluvial deposits, usually those 
located near outcrops of granitic rock. This is the case for the red layer at the 
Flatirons; the exposure lies about 100 meters south of Gold Mountain, which is 
composed primarily of granitic rock of the Sylvania pluton. A similar deposit, with 
lithic clasts as large as 2 meters in length, is also present higher in the stratigraphic 
section at the Flatirons, between the Tuff of Oriental Wash and the Tuff of Gold 
Coin Mine. These deposits at the Flatirons possibly represent debris shed from a 
local topographic high to the north that was exposed about 15 Ma.
A unit of coarse fanglomerate is exposed in Sphinx Canyon between the 
Pumice and Lithic Tuff and the Tuff of Sphinx Canyon. The fanglomerate is about 
50 meters thick and pinches out to the west in less than a kilometer. Mapping 
suggests erosion of the footwall of an approximately north-south striking, westerly­
dipping normal fault is responsible for the deposit. The presence of a small outcrop 
of the Tuff of Tolicha Peak near the base of the fanglomerate suggests that 
deposition took place both prior to and after the deposition of the Tuff of Tolicha 
Peak. Clast size varies from sands to cobbles below the Tuff of Tolicha Peak. Above
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the ash-flow unit, clasts are gravels and boulders of dominantly carbonate rocks 
derived from exposures of Precambrian and Cambrian carbonates immediately to 
the east; clasts of tuff and granitic rock are also present.
At Faulted Hill, at least 5 meters of alluvial material is present above the Tuff 
of Tolicha Peak and below the Rainier Mesa Member; no Tuff of Sphinx Canyon is 
present. The clasts are highly rounded and dominantly composed of the Tuff of 
Tolicha Peak.
An alluvial deposit present between the Tuff of Sphinx Canyon and the 
Rainier Mesa Member in uppermost Oriental Wash consists of 1 to 4 meters of sand, 
gravel, and cobbles of tuff, Precambrian and Cambrian sedimentary rocks, and 
granitic rocks. At other locations, the contact between these two ash-flow sheets is 
marked by a gravel layer less than one meter thick.
The two members of the Timber Mountain Tuff, differing in age by about 0.1 
to 0.2 m.y., are separated in many places by alluvial deposits. In upper Oriental 
Wash, the ash-flow sheets are separated by about 5 meters of fine to coarse alluvial 
debris with no discernable bedding. Provenance of the debris are outcrops of nearby 
tuffs and granitic rock from Gold Mountain less than a kilometer to the south. In 
many places, such as along the Tokop Road, the two members of the Timber 
Mountain Tuff are separated by an angular unconformity of 5 to 10°.
A thick fanglomerate, present between the Ammonia Tanks Member and the 
Spearhead Member, crops out many places in the Gold Mountain-Slate Ridge area, 
including exposures at Poverty Gulch, north of Sphinx Canyon, at Hanging Mesa, and 
in lower Oriental Wash. The deposit consists as much as 70 meters of fine to coarse, 
bedded, tuffaceous sand and gravel, and unconsolidated to poorly consolidated 
conglomerate and fanglomerate of varied lithology (Fig. 8). An angular discordance 
of 15-20° is typically present between the overlying and underlying ash-flow sheets.
32
Based on its stratigraphic position, the deposit has been interpreted by Noble et al. 
(1990) as equivalent to the gravels of the Pozo Formation near Goldfield, Nevada 
(c f Ashley, 1974). An alluvial deposit with a similar stratigraphic position is also 
present in the Bullfrog Hills (Weiss et al., 1988; Noble et al., 1991a), well to the south 
of the Gold Mountain-Slate Ridge area.
All alluvial deposits in the Gold Mountain-Slate Ridge area can be thought of 
as separate members of an overall sedimentary sequence formed in response to 
quasi-continuous to episodic normal faulting and interrupted by depositon of ash- 




The pre-Tertiary rocks of the Goldfield section of the Walker Lane belt are 
folded and variably metamorphosed by Mesozoic contractional deformation and 
plutonism, as observed by Albers and Stewart (1972). The most striking structural 
feature in the Goldfield section of the Walker Lane belt are oroflexes, defined by 
Albers (1967) as arcuate mountain ranges thought, though not proven (c/. Geissman 
et al., 1984), to be large scale crustal bends formed during the Mesozoic, before 
emplacement of Jurassic batholiths. Large Neogene structures approximately par­
allel fold axes in the pre-Tertiary rocks. No clear relation exists in the map area to 
determine the extent to which these structures influenced Neogene deformation. 
However, Oldow (1992) proposes that pre-Tertiary structure present in the Mina 
Deflection, some 80 kilometers northwest of the map area, affected the location of 
strain accommodation in a transfer system between two major strike-slip faults. 
Tertiary structure
The Neogene structure of the Gold Mountain-Slate Ridge area is character­
ized by arcuate, generally east-west striking normal and listric-normal faults, and 
northerly and southerly-tilted fault blocks. Displacement on the normal faults 
occurred over the same period during which the volcanic units were deposited, with 
ash-flow units showing a general upward decrease in dip. Characteristics of several 
faults, however, suggest that they are older structures that were reactivated during 
Neogene time.
Descriptions of faults: The north Slate Ridge fault is an east-west striking, 
northerly-dipping, normal fault exposed north of Mount Dunfee. It extends east of 
Mount Dunfee for about 10 kilometers (Plate 1), and westward several kilometers 
beyond Gold Point, Nevada. The fault has "a stratigraphic offset of at least 4000 feet
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(1280 m)(Albers and Stewart, 1972, p. 50)," based on the separation of Precambrian 
and Cambrian units on the south side the fault from Cambrian units on the north. If 
the inference of Albers and Stewart is correct, much of this displacement occurred 
prior to deposition of volcanic units. Displacement along the fault after the 
deposition of 7.6 Ma Spearhead Member is about 15 meters of dip-slip movement. 
This fault is considered a high-angle fault by Albers and Stewart (1972), although no 
dip measurements of the fault plane have been taken for this study.
If the 1280 meters (4000 feet) of separation of Albers and Stewart is purely 
dip-slip, then a basin with alluvial debris corresponding to the amount of net slip 
could be inferred to exist on the down-thrown side of the fault. No such deposit is 
seen north of the fault. Either the estimated separation is exaggerated or some 
strike-slip or oblique-slip movement may have occurred on the fault to account for 
the large displacement. Evidence to support strike-slip movement is given by appar­
ent displacement of vertically-dipping Mesozoic aplitic dikes. These aplitic dikes 
strike into the fault from the south, but are not seen immediately across the fault. It 
is not known, at this time, whether the inferred strike-slip movement is right or left- 
lateral.
The Poverty Gulch fault is a northwest-striking (N30°W), northerly-dipping, 
normal fault that passes just south of Mount Dunfee. The amount of displacement, 
most likely dip-slip, is probably about 60 meters based on the thickness of the 
volcanic rocks present (Section A-A’, Plate 2); the fault sets the Tuff of Oriental 
Wash against Precambrian sedimentary rocks. Rotational movement on this fault is 
largely responsible for as much as 24° of tilting in the Tuff of Oriental Wash on the 
south flank of Mount Dunfee. Movement on the fault postdates the deposition of 
the co. 15 Ma Tuff of Oriental Wash. Other nearby faults cut younger ash-flow
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sheets, but whether they are kinematically and temporally related to the Poverty 
Gulch fault is unknown.
The north-dipping central Slate Ridge fault, which can be traced for at least 
40 kilometers, is the longest through-going structure in the Gold Mountain-Slate 
Ridge area. The fault extends across the entire map area and has been mapped far­
ther west to the Sylvania Mountains by Albers and Stewart (1972). Concave to the 
north, the fault varies in strike from west-northwest-striking in the Sylvania Mount­
ains to east-west-striking on central Slate Ridge, to northeast-striking on eastern 
Slate Ridge. This fault has a clear linear trace across the map area. To the east, just 
outside of the map area, the fault anastomoses into a network of smaller normal 
faults. Movement along the central Slate Ridge fault during Neogene time appears 
to be dip-slip.
Although the fault cuts the youngest ash-flow sheet, the 7.6 Ma Spearhead 
Member, there is evidence that it was active well before 7.6 Ma. The Precambrian 
and Cambrian units show greater apparent displacement than do the older Tertiary 
volcanic units. Considering that the displacement of nearly vertically dipping 
Mesozoic dikes shows evidence for a strike-slip component on the north Slate Ridge 
fault prior to the deposition of volcanic units, it is possible that the central Slate 
Ridge fault may also have experienced similar movement at the same time. The 
central Slate Ridge fault also shows that the older volcanic units have greater 
displacement than the younger volcanic units. The fanglomerate at Poverty Gulch 
was formed in response to erosion of the highlands created by fault movement before 
7.6 Ma. Total displacement of the fault is unknown, but displacement since the 
deposition of the volcanic units must be as much as several hundred meters; 
displacement since the deposition of the 7.6 Ma Spearhead is approximately 30 
meters (Sections A-A’, C-C’, Plate 2). Subsidiary faults branching off the main fault
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occur in Poverty Gulch where smaller faults, with displacements of only several 
meters, cut the fanglomerate.
Another fault to the south, approximately paralleling the central Slate Ridge 
fault, clearly displaces the pre-Tertiary metasedimentary and granitic rocks. The 
fault can only be traced eastward a short distance where is seems to merge with other 
normal faults north of the placer mine (37°17’00M N, 117°17’35" W).
Over 100 meters of ash-flow tuff in and around upper Sphinx Canyon, north 
of the placer mine (Plate 1), are cut by several normal faults with small displace­
ments, in most cases less than 5 meters. The youngest unit offset by these faults is 
the Ammonia Tanks Member. The faults generally strike northeasterly (N45°E), at 
an acute angle to the strike of Sphinx Canyon (N35°E). The faults are northerly- 
dipping and show high-angle, dip-slip movement. Reverse drag flexure is seen in the 
steepening dip of the Ammonia Tanks Member into a fault at the placer mine where 
the dip of the unit changes southward from 10° to 25° (Section B-B’, Plate 2).
A fault can be inferred between metasedimentary rocks and the elongated 
outcrop of granitic rock south of the Tokop district (Plate 1). At Hell’s Gate 
(37°17’40" N, 117°14’50" W) this structure dips about 45° to the north (exposed in an 
inclined shaft), and the wallrocks have been hydrothermally altered. The structure is 
not recognized to the east, but can be traced westward between outcrops of the 
Timber Mountain Tuff, perched on a ridge (about 7300 feet elevation), and the 
granitic rocks that make up the ridge. Further to the west the fault is concealed 
beneath pediment and alluvial gravels of upper Oriental Wash. It is likely that this 
inferred fault is a normal fault similar to the central Slate Ridge fault. Initial 
movement probably occurred before deposition of the Tertiary volcanic rocks, based 
on the greater amount of displacement in the pre-Tertiary rocks. Whether the 
mineralization seen near Hell’s Gate occurred before or during the Neogene is
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unknown. Displacement on this fault also occurred during the Neogene, probably 
after deposition of the Timber Mountain Tuff.
In the southeastern part of the map area, a series of normal faults, concave to 
the south, juxtapose steeply dipping ash-flow tuffs against Precambrian and Mesozoic 
rocks. These faults can be seen from the Bonnie Claire Road, near Hanging Mesa to 
the Tokop Road to the east (Plate 1). The volcanic rocks in this area consist mainly 
of the two members of the Timber Mountain Tuff, although both older and younger 
volcanic units are locally exposed. The faults are not through-going, but rather 
consist of a number of discrete segments, and are in many places en echelon. 
Individual fault segments can only be traced for a few kilometers before they die out; 
the displacements decrease towards the ends of the faults, with the structure 
anastomosing into smaller splays. The strain is translated across these zones of 
anastomosing splays, and another fault segment picks up on the other side. The 
combined fault traces make a cuspate form, which is present and common within the 
map area, but is most pronounced in this area. This suggests that the smaller arcuate 
segments are near-surface manifestations of a more continuous structure at depth.
South of the Tokop Road, the dip directions of the normal faults change from 
north to generally south. This change marks the area where the apparent direction 
of extension shifts from northerly-directed to southerly-directed. The area is cut by 
many northeast-striking normal faults of relatively small displacement. Ash-flow 
tuffs dip south on the north side, with relatively flat-lying ash-flow sheets in the cen­
ter, and north-dipping ash-flow sheets on the south side. Fault blocks of north-dip­
ping ash-flow sheets continue southward into Sarcobatus Flat and the northern part 
of the Grapevine Mountains. This change in dip direction of normal faults is not 
present southwest of the map area, where ash-flow tuffs are cut by north-dipping
normal faults.
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Faulted Hill (37°19’ N, 117°12’ W) is a structurally important location north of 
the Tokop Road (Plate 1). The structure of Faulted Hill is complex and records 
normal faulting over a longer period than recorded elsewhere in the map area. The 
volcanic rocks consists of a continuous section of ash-flow tuffs extending upwards 
from the Tuff of Oriental Wash to the Ammonia Tanks Member, but excluding the 
Tuff of Sphinx Canyon. Total thickness of the ash-flow units is greater than 300 
meters. The west side of Faulted Hill is characterized by numerous northeast-strik­
ing (N30°E), west-dipping normal faults. Fault spacing is about 100 meters, fault 
planes dip about 60° to the west, and fault surfaces display dip-slip movement. The 
displacements of lower units are about 15 meters (Figs. 10a, b). The Tuff of Tolicha 
Peak was deposited over fault scarps in the underlying ash-flow sheets (Fig. 11). 
However, some of these faults also cut the Tuff of Tolicha Peak, but with displace­
ments of only 1 to 2 meters. This shows that most of this faulting occurred prior to 
the deposition of the Tuff of Tolicha Peak about 14 Ma, with smaller amounts of 
movement along the same structures afterward. An angular unconformity, therefore, 
locally separates the Tuff of Tolicha Peak from the lower units. As evidence for fur­
ther faulting, about 5 meters of coarse alluvial gravel is locally present above the Tuff 
of Tolicha Peak.
The structure of the east side of Faulted Hill is different than that of the west 
side. In contrast to the faults of the west side, the faults on the east side are north- 
south-striking, east-dipping, and are more widely spaced, showing greater displace­
ments. These faults, because they cut the Ammonia Tanks Member, are probably 
younger than those of the west side of Faulted Hill. The members of the Timber 
Mountain Tuff, exposed on Faulted Hill and surrounding hills, are separated from 
one another by an angular discordance of 5 to 10° (Fig. 7) further emphasizing the 
role normal faulting played in the structural history of the area of Faulted Hill.
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Figure 10 B). Photograph showing Faulted Hill, from closer. Notice the closely 
spaced normal faults dipping to the left; significant displacement is seen in lower 
units, little to none in the upper brown Tuff of Tolicha Peak. See text for details. 
Photos by D. C. Noble.
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Size and shape of sedimentary basins: The sediments in alluvial basins adjacent 
to many of the Neogene normal faults in the map area record erosion of local high­
lands created by fault displacement. Basins were small and shallow, and proximity to 
areas of provenance and coarse clast size suggest little long-distance transport. On 
Slate Ridge, an elongate alluvial basin parallels the central Slate Ridge fault (Plate 
1). The fanglomerate within the basin, thickest near the fault and thinning away to 
the north, is stratigraphically above the Ammonia Tanks Member and below the 
Spearhead Member. The basin measures 1.5 kilometers by about 10 kilometers, 
elongated approximately east-west, and is the largest basin recognized in the map 
area. Total thickness of the deposit is less than 80 meters. The clast lithologies 
within the northern part of the unit reflect outcrops present on the north side of the 
basin, mainly Precambrian and Cambrian rocks, and minor volcanic rocks. Granitic 
clasts found within the thicker southern part of the unit must have been derived
Figure 11. Photograph showing the white non-welded lowermost part of the Tuff of 
Tolicha Peak (Ttp) draping a small fault scarp in the Pumice and Lithic Tuff (Tpl), 
on Faulted Hill. See text for details. Photo by J. E. Worthington IV.
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from outcrops of the Sylvania Pluton located to the south suggesting that the majority 
of the influx of sediment came from that direction.
Exposures of fanglomerate near Hanging Mesa define a basin approximately 
3 kilometers east to west and less than a kilometer in width. Lithologies present 
within the deposit, granite, tuff, and minor amounts of pre-Tertiary sedimentary 
rock, could have been derived from nearby outcrops. Direction of transport is infer­
red as the same as today, to the south, considering the 300 meters of relief still pre­
sent. The exposure of fanglomerate in Sphinx Canyon also indicates the presence of 
an earlier basin formed by normal faulting. Its shape is difficult to determine, but the 
unit is about 50 meters thick in the east, thinning westward. Other local bodies of 
conglomerate and fanglomerate, elongate parallel to and thickest next to a normal 
fault, are present in the Gold Mountain-Slate Ridge area (Plate 1).
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INTERPRETATIONS OF FAULT PATTERNS
Albers and Stewart (1972) interpreted the Gold Mountain-Slate Ridge area 
as having been tectonically arched and stated that "the ash-flows [sic] appear to lie on 
these ranges as blankets, eroded away on the tops of the ranges, and the dips 
therefore cannot be readily explained by simple tilting (p. 46)." However, Albers and 
Stewart (1972) did not recognize ash-flow units older than the Timber Mountain Tuff 
and the considerable faulting recorded in these older rocks. New detailed mapping 
(Plate 1) indicates that the Tertiary tectonic development of the Gold Mountain- 
Slate Ridge area during the Tertiary involves at least three episodes of deformation 
involving extensional normal faulting and variable amounts of stratal tilting.
Episodes of Neogene deformation
Faulting prior to the deposition of Neogene volcanic rocks is strongly sug­
gested by evidence of greater displacement in pre-Tertiary rocks than in Neogene 
rocks, such as the north and central Slate Ridge faults. It is not known whether this 
faulting reflects one or more episodes of deformation, or whether this faulting is 
dominated by normal or strike-slip components.
From the patterns of faults sets and stratal tilting, at least three kinematically 
and temporally distinct episodes of deformation are recognized in the map area: 1) 
extension of middle Miocene age; 2) extension of late Miocene age; and 3) latest 
Miocene and/or Pliocene warping, uplift, and faulting.
The middle Miocene episode of deformation is characterized by north-south 
to northeast-striking, west-dipping, normal faults. Evidence for this episode is not 
widely preserved within the Gold Mountain-Slate Ridge area. At Faulted Hill, where 
it is most dramatically displayed (Fig. 10), normal faults are closely-spaced and of 
small displacement. Faulting occurred both before and after the deposition of the 14 
Ma Tuff of Tolicha Peak and ceased before the deposition of the 11.6 Ma Rainier
43
Mesa Member of the Timber Mountain Tuff. North-south to northeast-striking 
normal faults are present in the southwestern part of the map area near the 
Flatirons, and farther west, south of Gold Mountain, and in lower Oriental Wash. 
These faults are more widely spaced, about one every kilometer, and have 
displacements greater than 50 meters; they displace the Tuff of Tolicha Peak, but not 
the overlying Rainier Mesa Member. A north-south-striking normal fault in Sphinx 
Canyon (as discussed before) possibly moved during this episode of faulting, and 
displaces the Tuff of Tolicha Peak and not the Rainier Mesa Member. A thick fan- 
glomerate is associated with this fault, yet both the exact location of the fault and the 
amount of displacement along it are unclear. East-west striking faults, such as the 
north and central Slate Ridge faults do not appear to have been reactivated during 
this episode of deformation.
Late Miocene deformation is recognized over most of the map (Plate 1) and 
appears to be of regional extent (see below). Orientations of faults of this episode 
vary within the Gold Mountain-Slate Ridge area. Several appear to be arcuate, such 
as the central Slate Ridge fault. On eastern Slate Ridge it strikes northeast, on 
central Slate Ridge it strikes east-west, and on western part of Slate Ridge and in the 
Sylvania Mountains it strikes west-northwest (Fig. 12). Normal faults of this episode 
are north-dipping over most of the map area, but in the southeastern portion of the 
map area, near Sarcobatus Flat, normal faults are south-dipping. Most fault 
movement probably occurred after the deposition of the Ammonia Tanks Member 
because a marked angular unconformity and a thick unit of alluvial gravel is present 
between the Ammonia Tanks Member and the Spearhead Member many places in 
the map area. The presence of alluvial debris beneath the Ammonia Tanks 
Member, such as in upper Oriental Wash (Plate 1), suggests earlier movement as 
well. The end of the late Miocene episode of faulting occurred after the deposition
SMVC
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sedimentary rocks.
Mesozoic piutons
Laic Precambrian and Early Paleozoic rocks.
Figure 12. Map showing the arcuate nature of late Miocene normal faults of the Gold Mountain-Slate 
Ridge area. Box outlines the map area. FC-FZ, Furnace Creek fault zone; SMVC, Stonewall Mountain 
volcanic center. Modified from S. I. Weiss and D. C. Noble, unpub. data, 1991.
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of the Spearhead Member, because it is offset by numerous faults, but little tilted. 
However, age control is less certain in the southern part of the map area where the 
Spearhead Member is absent. Most, if not all, faults that cut the Spearhead Member 
are attributed to the late Miocene episode.
The east-west striking north Slate Ridge fault and the central Slate Ridge 
fault show evidence for movement during this late Miocene episode of deformation. 
These faults also have offset prior to the deposition of the Neogene volcanic rocks 
because displacement is greater in the pre-Tertiary rocks than in Tertiary rocks. 
Apparently, these faults were reactivated during at least the late Miocene.
McKee et al. (1990) and Noble et al. (1990) interpret the present-day 
mountain ranges in the region to be the result of post-7.6 Ma normal faulting. 
Despite elevation differences of the Spearhead Member of as much as 4000 feet, 
relatively little tilting of this ash-flow unit has occurred. The Spearhead Member is 
present at an elevation of 8200 feet in the Palmetto Mountains, at 7400 feet at Lida 
Summit, and at elevations from 7000 to 5500 feet within the Gold Mountain-Slate 
Ridge area. In the lower part of Oriental Wash, the unit is exposed at about 4400 
feet. Although these elevation differences can be adequately explained by gentle, 
broad warping, or doming of mountain ranges involving tilting of as little as 3°, the 
uplift is likely to be more complicated than simple warping and is probably 
accompanied by some normal faulting.
This uplift and associated normal faulting is responsible for the topographic 
relief of the Gold Mountain-Slate Ridge area, the northern Grapevine Mountains, 
the Palmetto Mountains, Magruder Mountain, and probably the Sylvania Mountains. 
North-dipping fault blocks exposed in the northern Grapevine Mountains probably 
formed during late Miocene time (11 to 7 Ma). The elevations of these north­
dipping fault blocks rise to the south in the range, opposite to what is expected from
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southward extending fault blocks. The elevations of the fault blocks would be 
expected to become progressively lower towards the south. Latest Miocene or 
Pliocene uplift of the range is apparently required to account for this discrepancy 
(D. C. Noble, pers. comm., 1992).
The Sylvania Mountains and parts of the Palmetto Mountains may have 
undergone uplift due to compression associated with the restricting bend in the right- 
lateral strike-slip Furnace Creek fault zone south of the Sylvania Mountains (Fig. 1). 
Uplift of late Miocene to late Pleistocene alluvial fan deposits at Willow Wash 
(Reheis and McKee, 1990) suggest that this uplift has been recent. It is unclear what 
relation, if any, uplift in the Willow Wash area has with the Gold Mountain-Slate 
Ridge area. Nonetheless, the similarity in timing is striking.
Larsen (1979, and sources therein) discussed evidence for the uplift of the 
Sierra Nevada and other ranges in the western part of the Walker Lane belt during 
the late Miocene to the present, with a strong pulse of uplift between 3 and 4 Ma. 
Elliot et al. (1984) reached a similar conclusion stating that the greater part of basin- 
and-range faulting in the northern Death Valley region has occurred since eruption 
of late Pliocene volcanic rocks. Although uplift in the Gold Mountain-Slate Ridge 
area may have been part of this broad regional period of uplift, evidence to better 
constrain the timing in the map area has not been recognized.
Basin filling, talus accumulation, and pediment formation continued after 
faulting ceased. Minor incision of pediment surfaces, however, is evident in upper 
Oriental Wash, near Gold Mountain. Although no evidence for Holocene faulting 
was seen in the region during this study, C. M. dePolo (pers. comm., 1992) and others 
recognize possible active normal faults on the north side of Gold Mountain which 
may represent a waning stage of deformation.
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Paleotopography
In addition to the observed and inferred fault offsets described above, ash- 
flow sheets of the Gold Mountain-Slate Ridge area exhibit rapid lateral variations in 
thickness due to changes in the underlying topography. Normal faulting, uplift, and 
erosion during Neogene time greatly affected the deposition and presevation of 
Neogene rocks. Using the thickness and preservation of these ash-flow sheets to 
infer paleotopography, the map area, compared with surrounding regions, must have 
been an area of positive relief for most of the time between about 17 Ma and the 
present.
For example, the relatively few exposures of the Tuff of Mount Dunfee 
suggests that moderately rugged topography (probably much like what is seen today) 
characterized the map area about 17 Ma. Evidence for topographic relief at about 
17 Ma is indicated by changes in strike of compaction foliation of the Tuff of Mount 
Dunfee and the Tuff of Oriental Wash near Mount Dunfee, where these units were 
deposited over a paleovalley cut into the pre-Tertiary rocks (Fig. 13) which can be 
traced for about a kilometer to the southeast. The Tuff of Mount Dunfee apparently 
did not completely fill the paleovalley. The Tuff of Oriental Wash was later 
deposited; the lower part of which dips about 12° to the south, whereas the top of the 
exposure dips about 24° to the southeast. Rotating the upper part of the Tuff of 
Oriental Wash around a NE-SW trending axis back to its assumed original 
subhorizontal position restores the dip of the base of the unit, which mimics the 
contact of the unit with the Tuff of Mount Dunfee, to 12° to the northwest (Fig. 14), 
demonstrating that this paleovalley drained to the northwest. The original north to 
northwest dip of the valley would have been even greater if the compaction foliation 
at the top of the unit originally dipped slightly to the north as could be expected over 
such irregular topography. Further evidence for a paleovalley includes the presence
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Figure 13. Diagramatic geologic map of tuff outcrops near Mount Dunfee. Note the 
change in eutaxitic structure in the Tuff of Mount Dunfee reflecting the changing 
character of the underlying topography. Tuff units were deposited over a paleovalley 
cut into Precambrian sedimentary rocks. Tmd, Tuff of Mount Dunfee; Tow. Tuff of 
Oriental Wash; pGr, Precambrian Reed Dolomite; p€w, Precambrian Wvman 
Formation.
Figure 14. Diagramatic cross section showing block tilting along the listric(?) normal 
Poverty Gulch Fault (see text). Horizontal rotating of about 20° to 25°, returning the 
top of the Tuff of Oriental Wash to a flat-lying position restores the contact of the 
Tuff of Mount Dunfee with the older rocks to what was probably its original position, 
with paleodrainage to the northwest.
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of a boulder conglomerate between the Tuff of Mount Dunfee and the Tuff of 
Oriental Wash at the bottom of this paleovalley, and the soft-sediment deformed,
basal glassy tuff of the Tuff of Oriental Wash (Fig. 3) which is consistent with 
deposition on a slope.
Another more regional example of paleotopographic effects is provided by 
the two members of the Timber Mountain Tuff, which thin dramatically from the 
northern Grapevine Mountains, where each ash-flow sheet is greater than 100 
meters in thickness, to the Gold Mountain-Slate Ridge area, where each unit is less 
than 40 meters thick. Both members of the Timber Mountain Tuff pinch out against 
pre-Tertiary rocks on northern Slate Ridge, which apparently formed a topographic 
barrier to the advancing ash-flow sheets.
Both erosion and non-deposition resulting from topographic effects can 
account for missing units in the local stratigraphic record. Rapid lateral thickness 
changes, such as in eastern Slate Ridge (Plate 1) where both the Tuff of Gold Coin 
Mine and the Tuff of Tolicha Peak vary independently from 0 to greater than 100 
meters, also attest to the considerable influence of existing topography created by 
contemporaneous normal faulting, block rotation, and erosion.
All ash-flow units, at least somewhere in the map area, were deposited 
directly on pre-Tertiary rocks. Not only does this show the effects of erosion before 
and after the deposition of ash-flow sheets, but it shows that the contact with pre- 
Tertiary rocks is not a low-angle normal fault as is observed in many detachment 
terranes. No such low-angle structures were found in the Gold Mountain-Slate 
Ridge area.
Basalt as an indicator of extension
Many workers (e.g., McKee and Noble, 1986; McKee et al, 1970; Noble, 
1972) consider basaltic volcanism indicative of an extensional environment because
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of the strong correlation between basaltic volcanism and the onset of normal faulting 
in the Great Basin as well as in many other areas. Larsen (1979), who studied basalts 
from the Sierra Nevada and western part of the Walker Lane belt, also concluded 
that basaltic volcanism is a product of extensional tectonics. Olivine-bearing basalts 
(map unit Tob) are present in several places beneath the ca. 16.8 Ma Tuff of Mount 
Dunfee. The presence of scoria and volcanic bombs, and contacts with on early 
Paleozoic sedimentary rocks in lower Sphinx Canyon (37°19’50" N, 117°15’00" W) 
show that the unit erupted to the surface. The presence of 17 Ma basalts in the map 
area, therefore, suggests extensional faulting at about that time. Late Miocene 
olivine-bearing basalts are present at Hanging Mesa and outside the map area, north 
of Slate Ridge in Lida Valley, in lower Oriental Wash, near the California border on 
the Scottys Junction Road, and west of the map area near Tule Canyon (S. I. Weiss, 
E. H. McKee, and D. C. Noble, unpub. data, 1989; Larsen, 1979; Elliot et al., 1984). 
These basalts further evince the extensional nature of deformation in the Goldfield 
section of the Walker Lane belt, and suggest that deformation in the Walker Lane 




The Gold Mountain-Slate Ridge area has undergone extensional deformation 
from before 17 Ma to possibly the Quaternary. During middle Miocene time, after 
the deposition of the Tuff of Mount Dunfee and the sequence of sphene-bearing 
tuffs (about 15 Ma), deformation occurred along north to northeast-striking normal 
faults. This deformation is not widely preserved, however a majority of the fault 
movement occurred prior to and shortly ceased after the 13.9 Ma Tuff of Tolicha 
Peak. The Tuff of Sphinx Canyon and the 11.6 Ma Rainier Mesa Member were then 
deposited.
Further deformation occurred along northwest-dipping normal faults between 
about 11.5 and 7 Ma. The Ammonia Tanks Member (11.45 Ma) was deposited 
before much of this deformation took place, and most of this deformation is recorded 
in the attitude of the unit. Normal faults of late Miocene age in the Gold Mountain- 
Slate Ridge area display a pronounced southward convexity (Fig. 12). Normal faults 
on the western side of the region strike approximately perpendicular to the Furnace 
Creek fault zone; however, the strike of normal faults progressively change from 
east-west to northeast to the east. Rather than a strike-slip fault bounding the 
northeast, the normal faults merge into left-stepping en echelon escarpments that 
constitute the western edge of Pahute Mesa. Carr (1988) and Oldow (1992, in press) 
speculated that a strike-slip fault that links the central Walker Lane with deformation 
to the south in the Las Vegas region must exist in the region east of the Gold 
Mountain-Slate Ridge area. However, no evidence exists for an east-bounding 
strike-slip fault active in late Miocene time at Pahute Mesa.
At the escarpment at the west side of Pahute Mesa, 7.6 Ma Spearhead and 7.5 
Ma Civet Cat Canyon Members of the Stonewall Flat Tuff (Weiss and Noble, 1989)
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are cut by north-south striking, down to the west normal faults, which demonstrates 
sizeable normal faulting after 7.6 Ma. However, evidence in the Gold Mountain- 
Slate Ridge area suggests that the majority of deformation occurred before 7.6 Ma, 
with lesser (though significant) vertical movement afterwards. Evidence for normal 
faulting in the Bullfrog Hills suggests movement before 7.6 Ma, with little or no later 
movement (Weiss et al., 1988). Further study near Pahute Mesa is necessary to 
establish the amount and direction of displacement before, during, and after the 
deposition of the Stonewall Flat Tuff in order to resolve this later period of 
movement.
The considerable amount of normal and listric faulting in the Gold Mountain- 
Slate Ridge area during the late Miocene suggests that some basal detachment 
surface is present at depth. The extension direction is likely top-to-the-northwest, 
subparallel to strike-slip movement of the Furnace Creek fault zone, with the area of 
extension expanding to the north (Fig. 12). However, in the southern part of the map 
area, and the northern Grapevine Mountains, normal faults dip to the south, 
contradicting the idea of an extensional terrane extending to the north. More 
mapping in the northern Grapevine Mountains and parts of Sarcobatus Flat would 
perhaps resolve the relation between these regions of opposing dip directions.
Scott (1990) proposed that the depth to detachment faults can be estimated 
by the thickness of imbricate fault-bounded blocks; width-to-thickness ratios appear 
to be between 2:1 and 1:1 regardless of scale. Fault spacing, or fault block widths, in 
the Gold Mountain-Slate Ridge area vary in size less than 4 km, which qualitatively 
suggests, following Scott’s model, that the depth to the inferred detachment is less 
than 4 km. This inferred detachment probably formed within pre-Tertiary rocks and 
the rocks above the detachment consist of both pre-Tertiary and overlying volcanic 
rocks. Individual fault blocks were tilted along listric faults; net slip was small and
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little crustal thinning occurred. The detachment is nowhere exposed at the surface. 
With little crustal thinning, no isostatic rebound would have exposed the detachment 
surface. Instead, the Sarcobatus structural basin, within this area of late Miocene 
extension, has been filling with volcanic rocks and sediments since before 11.6 Ma 
(Noble et al., 1990; and unpub. mapping, 1991); the Timber Mountain Tuff is over 
200 meters thick here, ponded in this structural low despite being some 40 km from 
its source area.
There is evidence for only modest latest Miocene-Pliocene extension in the 
Gold Mountain-Slate Ridge area. Uplift and normal faulting with little tilting, which 
accounts for the present-day topography, is probably related to region-wide uplift 
during the latest Miocene to Pliocene. Albers and Stewart (1972) correctly 
interpreted this arching in the Gold Mountain-Slate Ridge area, but they were 
incorrect in concluding that this was the only signficant mechanism.
Orientations of the local Neogene stress field
Normal faults of the Gold Mountain-Slate Ridge area can be interpreted in 
two ways: The first asserts that fault patterns differing in time and orientation could 
reflect differing stress fields. With this idea in mind, estimations of the orientation of 
the stress field for parts of the western Great Basin have been made by many authors 
(ie.g., Zoback et al., 1981; Best, 1988; Zoback, 1989; Hardyman and Oldow, 1991). 
According to Best (1988) and Hardyman and Oldow (1991), the direction of least 
principal stress in the Great Basin has undergone a clockwise rotation of 
approximately 90° since late Oligocene-early Miocene time. Evidence that would 
suggest changes in the local stress field from middle Miocene time to the present can 
be seen in the Gold Mountain-Slate Ridge area. The evidence is based on 
estimations of the paleostress field from the orientations of normal faults and the 
direction of tilting, assuming normal faults of this period are not unduly influenced by
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pre-Tertiary structures. The orientation of the middle Miocene stress field in the 
Gold Mountain-Slate Ridge area, based on the generally NNE-SSW striking normal 
faults, seems consistent with east-west extension observed in the central Walker Lane 
between 17 and 11 Ma by Hardyman and Oldow (1991) and with Zoback et al. 
(1981), who observed the least principal stress direction for the period ca. 20-10 Ma 
for the western Great Basin of WSW-ENE. Because the number of normal faults 
showing this north-south orientation is small, this estimation of paleostress in the 
Gold Mountain-Slate Ridge area is tentative.
The late Miocene stress field in the Gold Mountain-Slate Ridge area, as 
indicated by northeast striking normal faults, is consistent with that of the central 
Walker Lane as determined by Hardyman and Oldow (1991) who stated that after 
about 10 Ma extension has been southeast-northwest; Zoback et al. (1981) observed 
the least principal stress direction for the last 10 m.y. in the western U.S. of WNW- 
ESE. However, many of the late Miocene normal faults in the map area display a 
pronounced northward concavity that may represent some amount of influence on 
the location of the faults by pre-Tertiary structure.
Alternatively, these differing fault patterns observed in the Gold Mountain- 
Slate Ridge area could represent one single stress field consistent over time, 
therefore, the differing normal faults possess different kinematic characteristics. 
Ostensibly departing for the idea of rotating stress fields, Oldow (1992, in press) 
proposes that displacement partitioning of a single extension direction (N55°W) for 
the Walker Lane belt for the last 15 Ma is responsible for a counterclockwise 
rotation in local stress field components that can be spatially resolved across the 
western part of the Basin and Range. Temporal migration of the locus of active 
faulting over the last 15 Ma within a transtensional regime is responsible for the 
synchronous formation of northeast trending horsts and grabens in the central Great
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Basin and left-stepping strike-slip faults within the Walker Lane belt. Structural 
patterns present in the Gold Mountain-Slate Ridge area, such as the timing, 
locations, and orientations of normal faults, are not incompatible with transtensional 
deformation in the Walker Lane belt along a N55°W extension direction as proposed 
by Oldow (1992, in press).
Evidence from the Gold Mountain-Slate Ridge area appears to support both 
hypotheses. Therefore, given the available data no conclusion can here be drawn. 
Only more detailed documentation of fault orientations, displacement components, 
and timing can resolve which hypothesis is most consistent with observed structural 
trends.
As it has been stated before by various authors, such as Zoback (1989), pre- 
Tertiary structure in the Walker Lane belt influences the location of Neogene and 
pre-Neogene (post-Mesozoic) structures, which can obscure approximations of the 
state of the local stress field. Oldow (1992, in press) has documented pre-Tertiary 
structural influence on Tertiary structure at the Mina deflection. However, while in 
the Gold Mountain-Slate Ridge area, reactivation of previous structures is 
documented, the effect of pre-Tertiary structure on the placement of normal faults 
remains unclear.
Comparison to other extensional terranes
Structural features in the Gold Mountain-Slate Ridge area are not unique to 
the region, insomuch as they are comparable to those of other areas within the 
Walker Lane belt where Neogene extension has been studied. Inspection of 
neighboring areas demonstrates important consistencies within the Walker Lane 
belt, and also shows that the map area contains important clues to the understanding 
of the region as a whole.
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Lake Mead detachment terrane: The Lake Mead area is a well-studied 
extensional terrane that was active primarily from about 17 to 9 Ma (Anderson, 1973; 
Smith, 1982; Bohannon, 1984; Dubendorfer et al., 1990; 1991). At least two episodes 
of normal faulting are documented in the region; an older episode represented by 
the Lake Mead shear zone, and a later episode represented by the Las Vegas Valley 
shear zone-Saddle Island detachment (about 12 to 9 Ma). Dubendorfer and Wallin 
(1990) proposed that spatially and temporally related basin development, 
sedimentation and stratal tilting reflect kinematically coupled movement along a 
combined Las Vegas Valley shear zone-Saddle Island detachment fault system (Fig. 
15). The timing of block faulting, stratal tilting, and development of sedimentary 
basins coincides, within the limits of age control, with extensional deformation in the 
Gold Mountain-Slate Ridge area.
Death Valley region: Death Valley, within the Inyo-Mono section of the 
Walker Lane belt (Stewart, 1988), is an extremely well-studied pull-apart basin 
(Burchfiel and Stewart, 1966) between two right-lateral strike-slip faults, the Furnace 
Creek fault zone and the southern Death Valley fault zone (Wright et al., 1991; 
Troxel and Wright, 1987; Stewart, 1983). However, it is generally believed that the 
geologic history of the region is far more complicated than one single pull-apart basin 
and the region has undergone multiple episodes of strike-slip faulting, detachment 
faulting, and sedimentation.
One hypothesis for the Death Valley region that is gaining widespread 
acceptance involves extreme attenuation, tectonic denudation, and transport of the 
Panamint Mountains an estimated 80 km to the northwest (Stewart, 1983) away from 
the Resting Spring Range during the late Miocene. According to the hypothesis, the 
Black Mountains, situated between the Panamint Mountains and the Resting Spring
Figure 15. Diagramatic cross section through the Las Vegas Valley shear zone- 
Saddle Island detachment showing the relation of the detachment faulting to strike- 
slip faulting and basin development. A) Shows initial stages of basin development at 
about 12 Ma. B) Intermediate stages of basin development (ca. 10 Ma), showing 
progressive tilting of Horse Spring Formation. FMB, Frenchman Mountian block; 
Ths, Tertiary Horse Spring Formation; Mz, Mesozoic rocks; Pz, Paleozoic rocks. 
Taken from Dubendorfer and Wallin (1991).
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Range, represent a mid-crustal block originating beneath the Panamint Mountains 
prior to tectonic transport.
Episodic uplift between 14 and 6 Ma in the Death Valley region is indicated 
by the composition and textural features of sandstones and conglomerates in each of 
the sedimentary members of the Artist Drive Formation (Cemen et al. 1985). 
McKenna and Hodges (1991) suggest that extension (possibly represented by the 
Artist Drive Formation) and basin development began about 14 or 15 Ma. Major 
extension, which they think is responsible for the formation of Death Valley proper, 
moved parallel to the strike-slip motion from about 10 Ma and ended about 3 Ma. 
Strike-slip faulting is presently active in the region.
Death Valley shares the Furnace Creek fault zone on its east side with the 
Goldfield section of the Walker Lane belt. Extension in the Death Valley region may 
have its counterpart across the fault zone. It is also important to note the multiplicity 
of events in the Death Valley region, and to recognize the major time periods 
involved. From this, patterns of extension emerge. At the time of major extension in 
Death Valley, northwest-directed extension, normal faulting, and stratal tilting 
occurred during possibly two periods of Neogene extension within the Gold 
Mountain-Slate Ridge area, on the east side of the Furnace Creek fault zone.
Bullfrog Hills area: The Bullfrog Hills-Bare Mountain detachment system is 
located in the southwest corner of the southwestern Nevada volcanic field, just 
southwest of the Timber Mountain caldera complex (Fig. 1). Highly tilted and 
imbricately faulted volcanic rocks, mainly erupted from vent areas in the 
southwestern Nevada volcanic field, are juxtaposed against underlying pre-Cenozoic 
sedimentary and metamorphic rocks by the low-angle Original Bullfrog-Fluorspar 
Canyon detachment fault system (Maldonado, 1990). Northwest-directed upper 
plate movement began about 11 Ma (Maldonado, 1990) and coeval normal faulting,
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volcanism, and hydrothermal alteration continued until about 8 Ma (Noble et al., 
1991a; Weiss et al., 1991). The 7.6 Ma Spearhead Member, present here within a 
thick gravel sequence, was deposited after major tilting in the area (Weiss et al., 
1988).
Northwest-directed extension occurred contemporaneously in the Gold 
Mountain-Slate Ridge area and the Bullfrog Hills. Normal faulting and deposition of 
coarse alluvial gravels in the Gold Mountain-Slate Ridge area is also bracketed by 
the 11.6-11.4 Ma Timber Mountain Tuff and the 7.6 Ma Stonewall Flat Tuff. Based 
on these similarities, Noble et al. (1991a) proposed that the Gold Mountain-Slate 
Ridge area may have experienced the same late Miocene, northwest-directed 
extension event as that observed in the Bullfrog Hills. However, deformation in the 
Bullfrog Hills, where the tilt of strata in many places exceeds 70°, progressed to a 
greater degree. Detachment faulting in the Bullfrog Hills has exposed the underlying 
metamorphic core complex (McKee, 1983; Maldonado, 1990). Stratal tilt in the 
Gold Mountain-Slate Ridge area rarely exceeds 40° and no metamorphic core 
complex or low-angle normal faults are exposed. Despite the distance between the 
two areas, about 50 km, similarities in the timing of normal faulting and 
northwesterly directed extension necessitate some genetic link. Another possible 
explanation of these similarities could be that a second breakaway zone exists 
underneath Sarcobatus Flat, parallel and synchronous with the breakaway 
responsible for extension in the Bullfrog Hills. However at present, no evidence 
exists to support this hypothesis.
Not far east of the Bullfrog Hills, faulting on Yucca Mountain (Fig. 1) began 
about 12 Ma. Carr (1988, 1990) and Scott (1990) both interpreted this faulting as 
being related to the detachment faulting in the Bullfrog Hills, yet their models are 
contradictory. Carr (1988, 1990) proposed that 12 Ma normal faulting in Yucca
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Mountain is related to a proposed volcano-tectonic trough, or rift zone, stretching 
northward from Death Valley, through the southwestern Nevada volcanic field, to 
the Lunar Crater volcanic center. Scott (1990) proposed that faulting in Yucca 
Mountain and the Bullfrog Hills are parts of a multi-tiered detachment system with 
its breakaway zone in the Sheep Range, north of Las Vegas. Neither model, 
however, has gained much critical acceptance.
Mineral Ridge-Weepah Hills detachment: Opening of the Esmeralda basin by 
low-angle normal faulting and subsidence began in the Mineral Ridge-Weepah Hills 
area about 13 Ma and continued to about 6 Ma. The rocks filling the Esmeralda 
basin are known as the Esmeralda Formation, defined by Robinson et al. (1968) in 
the Weepah Hills as a widespread sedimentary sequence of sandstones, shales, con­
glomerates and fanglomerates, breccias, and various tuffaceous volcaniclastic rocks.
The Neogene stratigraphy of the Gold Mountain-Slate Ridge area has certain 
important similarities to the much thicker Esmeralda Formation. Both areas consist 
of a sequence of intercalated volcanic and sedimentary deposits with upwardly 
increasing dips. However, in the Gold Mountain-Slate Ridge area, volcanic rocks 
deposits predominate over sedimentary rocks, in contrast to the Esmeralda basin, in 
which sedimentary rocks predominate. Whereas the alluvial deposits of the Gold 
Mountain-Slate Ridge area may not be directly correlated with the Esmeralda 
Formation, both sedimentary sequences (and other Neogene gravels throughout the 
Goldfield section of the Walker Lane belt) reflect deformation occurring over 
essentially the same interval of time.
Stewart and Diamond (1990) proposed that sedimentation in the Esmeralda 
basin and detachment faulting are kinematically related, and emphasized that the 
Esmeralda basin is unrelated to present-day topography. Because the basin has been 
partitioned by more recent extensional faulting, they suggest that it formed under
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structural conditions differing from the present, which argues for at least two 
episodes of extensional deformation in the region. This is consistent with structural 
relations observed in the Gold Mountain-Slate Ridge area.
The concept of kinematically different basins is significant for the structural 
history of the Goldfield section of the Walker Lane belt, because sedimentary basins 
in other extensional terranes in the Walker Lane belt seem to have been formed 
under structural conditions differing from the present. This, combined with coincid­
ing estimations of the direction of extensional transport, further suggests that many 
of these terranes formed during an evolving middle and late Miocene period of 
extension over a large portion of the Walker Lane belt (Fig. 16).
Central Walker Lane: In the central Walker Lane, Hardyman and Oldow 
(1991) propose that the transtensional development of low-angle detachment faults 
in a thin Tertiary volcanic sequence was influenced by strike-slip faulting in the 
basement. This type of detachment was not associated with large-scale crustal 
extension, crustal thinning, or core complexes (Keller et al., 1991). However, the 
orientation of deformation during middle and late Miocene time is consistent with 
trends observed in extensional terranes to the south. Hardyman and Oldow (1991) 
recognize north-northeasterly directed extension and left-lateral strike-slip faulting 
during early to middle Miocene time (28 to 17 Ma), then east-west extension in 
middle Miocene time (17 to 11 Ma) and extensive right-lateral strike-slip faulting 
during late Miocene time (about 10 Ma) to the present. The change in deformation 
style in the central Walker Lane at 11-10 Ma appears to coincide with a change 
recorded in the Gold Mountain-Slate Ridge area at the same time interval; east-west 
directed extension in the central Walker Lane appears to coincide with possible east- 
west directed extension in the Gold Mountain-Slate Ridge area at the same time. 
Although strike-slip faulting and associated extensional faulting are manifested
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Figure 16. Diagram showing extensional terranes in parts of the Walker Lane belt that have similarities in 
timing and direction. Terranes are listed north at the top, south at the bottom; see Figure 2 for locations. 
The stippled line indicates faulting activity during the covered time interval; the letters above the pattern 
denote the direction of extension during that particular time period. Sources of data: CWL, Hardyman 
and Oldow (1991); MR-WH, Stewart and Diamond (1990); BH, Maldonado (1990), Noble et al. (1991a); 
DV, McKenna and Hodges (1991); LM, Dubendorfer et al. (1990), Dubendorfer and Wallin (1991).
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differently in the central Walker Lane than the Gold Mountain-Slate Ridge area, 
similarities of timing and extension directions are significant.
The above areas represent some of the important areas of extensional 
deformation in the Walker Lane belt during the middle and late Miocene. These 
examples share the following characteristics: 1) Similar time ranges, 2) similar fault 
orientation and extension directions, 3) associated strike-slip faulting and 4) coeval 
coarse alluvial deposits. These extensional terranes, when combined, record at least 
two episodes of Neogene extension affecting a large part of the Walker Lane belt 
(Fig. 16).
Relations to strike-slip faulting
The possible links between strike-slip faulting, normal faulting, and 
extensional deformation has been widely discussed. Anderson (1973) stated that 
"strike-slip faults are interpreted as structures which compensate for varying amounts 
or rates of extensional strain within or between highly distended lobate or plate-like 
structural units that have moved several miles over or past one another (p. 13.)" 
Anderson (1973) also stated that "the normal and strike-slip faults are first-order 
extensional strain features that form in a thin-skinned tectonic system in the brittle 
upper crust (p. 14)." Whether strike-slip faults penetrate the crust or are confined to 
only the upper plate of the detachment surface is a matter of continued debate. 
However, it is generally agreed that strike-slip faults in many places separate regions 
of differing amounts of extension (e.g. Faulds et al., 1988). Such a case can be made 
for the Furnace Creek fault zone that separates the more highly extended Death 
Valley region from the Gold Mountain-Slate Ridge area.
Reheis and McKee (1991) proposed that movement on the right-lateral 
strike-slip Furnace Creek fault zone began about 12 Ma. Timing of strike-slip 
movement is coincident with northwest-directed extension in the Goldfield section of
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the Walker Lane belt. Normal faulting and strike-slip faulting might be genetically 
related (Fig. 15) in a manner suggested by Anderson (1973), and Dubendorfer and 
Wallin (1990), in which the development of the Sarcobatus structural basin and late 
Miocene normal faulting and stratal tilting are kinematically coupled to movement of 
the Furnace Creek fault zone. Reheis and Nollar (1989), when considering all the 
northwest-directed normal faults east of the Furnace Creek fault zone, speculated 
that a detachment surface may underlie the Goldfield section of the Walker Lane 
belt.
Total displacement on the Furnace Creek fault zone is uncertain and 
estimates range from 40 to 100 km. The northward continuation of the Furnace 
Creek fault zone is known as the Fish Lake Valley fault zone, which is characterized 
by right-lateral strike-slip and oblique-slip movement of late Miocene to Quaternary 
age (Reheis and McKee, 1991).
Role of silicic volcanism
The role of basaltic volcanism as an indicator of extensional tectonics has 
been previously discussed. However, the idea of extensional terranes being the loci 
of silicic volcanic activity has also been addressed by many authors (e.g., Carr, 1988; 
1990; Guth, 1989; Gans et al. 1989; Best and Christiansen, 1991) who have tried to 
relate faulting to pyroclastic volcanism in the Great Basin.
Carr (1988, 1990) stated that the southwestern Nevada volcanic field is 
located on a pull-apart at a right-step in the Las Vegas Valley shear zone, and 
attributed the volcanism to the analogy of a "leaky transform. However, this 
hypothesis requires a strike-slip fault bounding the eastern part of the southwestern 
Nevada volcanic field to complete a right-step. No such strike-slip fault has been 
found. Furthermore, the rhyolitic volcanism of batholithic proportions in the 
southwestern Nevada volcanic field, which spans over 8 m.y. through several phases
of volcanism (cf. Noble et al., 1991a), seems hardly "leaky." The reason for the 
predominance of volcanism here compared to other severely extended right-steps, 
such as Death Valley, is not explained by Carr. Bosworth (1987) proposed that 
volcanism occurs at the point where a detachment reaches the mantle, and Guth 
(1989) suggested that the southwestern Nevada volcanic field is just such a case for a 
detachment breaking-away in the Sheep Springs Range. But, if extension occurred 
throughout the Goldfield section of the Walker Lane belt, then volcanism would be 
expected throughout the region, not concentrated in the southwestern Nevada 
volcanic field. These theories of Carr and Guth are not entirely satisfactory to fully 
explain the role of silicic volcanism in the Walker Lane belt.
Other possible correlations between silicic volcanism and crustal extension 
which address more widely held ideas have been examined by Gans et al. (1989) and 
Best and Christiansen (1991). An active rifting model suggests an influx of basaltic 
magma into the asthenosphere is responsible for the creation of hybridized partial 
melts that differentiate in shallower magma chambers, and for thermal weakening of 
the lower crust, allowing ductile flow at depth and brittle fracture in the upper crust; 
crustal extension is thus superimposed on areas of magmatic accumulation (e.g., 
Gans et al., 1989). However, Best and Christiansen (1991) find coeval magmatism 
and crustal extension to be spatially separated in the eastern Great Basin, and only 
limited and local deformation accompanied peak volcanism (31-20 Ma in their 
study). Consistent with this hypothesis, silicic volcanism and crustal extension show 
little correlation in space for the Goldfield section of the Walker Lane belt. Silicic 
pyroclastic volcanism occurred in the southwestern Nevada volcanic field through 
most of the middle to late Miocene, but generally east and north of the area of 
extensional faulting. Basaltic volcanism, as discussed before, shows a clearer 
temporal and spatial relation to extensional faulting.
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What, then, is the connection between the volcanic rocks in the Gold 
Mountain-Slate Ridge area and the southwestern Nevada volcanic field? Four of the 
ash-flow sheets of the Gold Mountain-Slate Ridge area have sources within the 
southwestern Nevada volcanic field (see Tables 1, 2). These vents spread their ash- 
flow sheets over the neighboring area which serve as stratigraphic and 
paleotopographic markers. The other four ash-flow sheets do not have identified 
source areas. Finding these source areas may lead to a better understanding of the 
role of volcanism in the Walker Lane belt. For instance, the ca. 15 Ma Tuff of Gold 
Coin Mine and related units found in the region require some amount of cauldron 
subsidence, possibly from a source area to the south. What effect this speculated 
collapse had on extension, or vice versa, is unknown.
CONCLUSIONS
Five previously unrecognized ash-flow sheets are exposed in the Gold 
Mountain-Slate Ridge area: The Tuff of Mount Dunfee, the Tuff of Oriental Wash, 
the Pumice and Lithic Tuff, the Tuff of Gold Coin Mine, and the Tuff of Sphinx 
Canyon. The areal extent of the known Tuff of Tolicha Peak has been expanded as 
far west as the California border.
Northwest-directed extension has occurred in the Gold Mountain-Slate Ridge 
area and surrounding region between 17 and 7 Ma. At least three episodes of 
deformation are recognized in the map area, middle Miocene and late Miocene 
normal faulting and latest Miocene or Pliocene uplift. Evidence for normal faulting 
at about 15-14 Ma is sparsely preserved in the map area. Normal faulting and 
extension occurring between 11.5 and 7.5 Ma is widespread over the Gold Mountain- 
Slate Ridge area and is likely correlative with late Miocene extension in the Bullfrog
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Hills, and connected to movement of the right-lateral Furnace Creek fault zone. 
Evidence for latest Miocene or Pliocene uplift in the Gold Mountain-Slate Ridge 
area is likely coincident with recognized region-wide uplift occurring about 3 to 5 Ma.
Patterns of normal faults of the Gold Mountain-Slate Ridge area, differing in 
time and orientation, represent either different regional stress fields which change 
with time or they represent differing components in a single regional stress field that 
was consistent over time. The Gold Mountain-Slate Ridge area share similarities in 
ages of deformation, directions of extension, presence of associated strike-slip 
faulting, and presence of alluvial deposits with neighboring extensional terranes, 
which demonstrates long-range consistencies in Neogene deformation within the 
Walker Lane belt. Strike-slip faulting along the Furnace Creek fault zone bounds 
areas of differing amounts of extension, and is possibly kinematically coupled with 
late Miocene normal faulting and stratal tilting in the Gold Mountain-Slate Ridge 
area. Silicic volcanism and crustal extension show little correlation in space within 
the Goldfield section of the Walker Lane belt during Neogene time.
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